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Abstract 
The estimation of wastewater flows is a fundamental requirement in the 
design of successful wastewater systems.  The sizes and capacities of all 
major components are dependant on the predicted amount of wastewater 
flow that will originate from the contributory areas within the proposed 
catchment. 
The reliability of flow estimates depends on the accuracy of many 
assumptions.  These include the future water demand and resultant 
wastewater production, population growth or decline, population density 
variations, socioeconomic changes, land use changes, and the maintenance 
of the wastewater system infrastructure.  It is essential that the wastewater 
system has adequate capacity for peak wet weather flow, but can also 
function satisfactorily at minimum flows without operational problems 
(Great Lakes Upper Mississippi River Board of State Sanitary Engineers 
1978, p. 12). 
The Colombo formulae (1) and (2), is a theoretically derived formula used 
to predict peak wet weather flow in separate wastewater systems.  This 
formula has been by Melbourne Metropolitan Board of Works and Sydney 
Metropolitan Board of Works since the late 1960s (Coulsen, J 2004, pers. 
comm., 15 June), and is currently used at Gippsland Water. 
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P  = number of residential lots 
q  = residential dry daily discharge [L/Lot/Day] 
Ac = industrial or commercial area [Ha] 
C  = industrial or commercial dry daily discharge [L/Ha/Day] 
r  = dry weather peaking factor 
A = total catchment area [Ha] 
Ip  = permanent infiltration [L/Ha/Day] 
Is  = storm infiltration [L/Ha/Day] 
 iii 
The Colombo formulae utilises common storm and permanent infiltration 
factors, which are 22,000 L/Ha/Day, and 2,500 L/Ha/Day, respectively.  
These common infiltration factors are used as a blanket over the entire 
Gippsland region.  The objective of this dissertation was to define and 
identify the regional specific levels of permanent and storm infiltration 
across each of the major catchments across Gippsland. 
Catchment Is [L/Ha/Day] Ip [L/Ha/Day] 
Warragul 19,800 2,520 
Traralgon 20,310 2,420 
Sale 21,520 2,350 
Currently used 22,000 2,500 
Table 1: Summary of Calculated Storm and Permanet Infiltration Factors 
The results listed in the table above are analogous to those expected.  Sale, 
located near the 90 Mile Beach, has a low average height datum, alluvial 
sedimentary soils and an elevated water table.  Sale has a higher level of 
storm infiltration, and a lower level of permanent infiltration than Warragul, 
which is located at the base of the Great Dividing Range, with an undulating 
landscape and rich agricultural soils. 
The purpose of this dissertation was not to provide a formula to supersede 
the existing fully dynamic models, such as Wallingford Software’s Info 
Works, or Montgomery Watson Harza’s H2O Map, but rather to verify the 
existing use of the Colombo formulae and to propose new regionally 
specific permanent and storm infiltration values. 
REFERENCES. 
Great Lakes Upper Mississippi River Board of State Sanitary Engineers 1978,  
Recommended Standards for Sewerage Works, Health Education Service Inc., 
Albany. 
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Glossary 
Annual 
Recurrence 
Interval 
Average amount of time between events of a given 
magnitude.  For example, there is a 1% chance that a 
100-year flood will occur in any given year.  
 
Average Dry 
Weather Flow 
(ADWF) 
Average wastewater flow at a specified point usually 
wastewater pump station or other significant node.  
On a dry weather day.  Expressed in L/s. 
 
Average Wet 
Weather Flow 
(AWWF) 
Average wastewater flow at a specified point usually 
wastewater pump station or other significant node.  
On a wet weather day.  Expressed in L/s. 
 
Calibration The use of recorded data to adjust parameters 
affecting model dry and wet weather flows, so as to 
simulate actual flows. 
 
Catchment The drainage area for a water or wastewater system.  
See Watershed. 
 
Combined 
Wastewater 
A wastewater system that carries both sanitary 
wastewater and storm water runoff.  
 
Connection A tapping from the tenement to the wastewater 
reticulation system. 
 
 xx 
 
Discharge The volume of water that passes a given point within 
a given period of time.  It is an all inclusive outflow 
term, describing a variety of flows such as from a 
pipe to a stream, or from a stream to a lake or ocean.  
Usually expressed in L/s. 
 
Dry Weather 
Day 
A day which has as a minimum, of three proceeding 
days with on recorded rainfall.  Also no rainfall is 
recorded on the day on measurement. 
 
Dry Weather 
Flow Profile 
Dimensionless hydrographs simulating the diurnal 
flow pattern wastewater production rates for different 
land uses.  On a dry weather day. 
 
Emergency 
Relief Structures 
(ERS) 
Structure to allow wastewater to spill to the storm 
water drainage system. 
 
Environment The aggregate of external conditions that influence 
the life of an individual organism or population.  
 
Fast Response Rainfall entering the wastewater system as a result of 
direct links between the storm water collection 
system and the wastewater system and has a very 
short response time to rainfall on the catchment.  Fast 
response is assumed to come off impervious areas of 
the catchment. 
 
Feeder Lateral See Wastewater Lateral 
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Fixed Ground 
Water 
Water held in saturated material that it is not 
available as a source of water for pumping.  
 
Flow The rate of liquid discharged from a source expressed 
in volume with respect to time.  Usually measures in 
L/s. 
 
Groundwater Groundwater is that subsurface water contained in 
the interconnected pore spaces below the water table 
of an aquifer. Groundwater will occur where there is 
an impermeable subsurface barrier that allows water 
flowing through the unsaturated zone to be collected 
and stored within the interconnected pore spaces at 
depth. This impermeable barrier may be bedrock or 
an impermeable layer of rock. Once collected in the 
saturated zone, groundwater will flow from areas 
where the water table is highest toward areas where it 
is lowest. This percolation of water through the 
saturated zone is powered by gravity. Eventually, 
percolating water may leave the groundwater system 
and be discharged into streams or other surface water 
bodies. 
 
Groundwater 
Infiltration 
Groundwater that enters wastewater pipes through 
cracks, pipe joints, and other system leaks.  Because 
sewers are typically buried deep, they are often 
located below the water table.  Most wastewater lines 
do not flow full as such groundwater infiltrating into 
the wastewater line is more of a problem than 
wastewater leaking from the system. 
 
 xxii 
 
Head The pressure of a fluid owing to its elevation.  
Usually expressed in m. 
 
HOBAS HOBAS is centrifugally cast, glass-fibre-reinforced, 
polymer mortar pipe.  
 
Hydraulic Break 
Point 
The location in the wastewater system where flow 
conditions are not affected by downstream 
backwatering.  
 
Hydraulic 
Distance 
The length between two points of a watershed 
measured as the distance travelled by water.  Usually 
expressed in m. 
 
Hydrograph A series of values in numerical or graphical form of 
the flow rate, depth or level, varying with time. 
 
Hydrologic 
Cycle 
Natural pathway water follows as it changes between 
liquid, solid, and gaseous states; biogeochemical 
cycle that moves and recycles water in various forms 
through the ecosphere.  See water cycle.  
 
Hyetograph A series of values of rainfall intensity varying with 
time. 
 
Impermeable Material that does not permit fluids to pass through.  
 
 xxiii 
 
Impervious The quality or state of being impermeable; resisting 
penetration by water or plant roots.  Impervious 
ground cover like concrete and asphalt affects 
quantity and quality of runoff.  
 
Inflow Entry of storm water directly into the wastewater 
system usually through poorly sealed manhole covers 
or illegal storm water connections.  Inflow is 
generally the source of fast rainfall response. 
 
Info Works Software system integrating asset and business 
planning with urban network modelling both water 
and wastewater systems. 
 
Isohyet Line that connects points of equal rainfall. 
 
Lag Time The time from the centre of a unit storm to the peak 
discharge or centre of volume of the corresponding 
unit hydrograph.  
 
Lentic System A non flowing or standing body of fresh water, such 
as a lake or pond. 
 
Littoral Zone Area on or near the shore of a body of water.  
 
Lotic System A flowing body of fresh water, such as a river or 
stream.  
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Manhole Wastewater manholes are underground structures 
used to provide access to underground wastewater 
lines and are usually found in a roadway, parking 
area or pedestrian lanes.  Access is required to 
periodically inspect and clean the lines.  
 
Natural 
Resource 
Any form of matter or energy obtained from the 
environment that meets human needs.  
 
Nonporous A medium that does not allow water to pass through 
it.  
 
Peak Dry 
Weather Flow 
(PDWF) 
The maximum wastewater flow at a specified point 
usually wastewater pump station or other significant 
node.  On a dry weather day.  Expressed in L/s. 
 
Peak Flow In a wastewater treatment plant, the highest flow 
expected to be encountered under any operational 
conditions, including periods of high rainfall and 
prolonged periods of wet weather.  
 
Peak Wet 
Weather Flow 
(PWWF) 
The maximum wastewater flow at a specified point 
usually wastewater pump station or other significant 
node.  On a wet weather day.  Expressed in L/s. 
 
Peaking Factor The peak daily flow as a multiple of the average dry 
weather flow. 
 
 xxv 
 
Percolating 
Waters 
Waters passing through the ground beneath the 
Earth's surface without a definite channel.  
 
Percolation The movement of water through the subsurface soil 
layers, usually continuing downward to the 
groundwater or water table reservoirs.  
 
Permeability The ability of a water bearing material to transmit 
water.  It is measured by the quantity of water 
passing through a unit cross section, in a unit time, 
under 100 percent hydraulic gradient.  
 
Pluvial Pertaining to precipitation. 
 
Pluviometer A gauge consisting of an instrument to measure the 
quantity of precipitation with respect to time. 
 
Porous A medium that allows water to pass through it.  
 
Rain Water drops which fall to the earth from the air.  
 
Rain Gauge Any instrument used for recording and measuring 
time, distribution, and the amount of rainfall.  See 
pluviometer. 
 
Rainfall 
Response 
The quantity of rainfall entering the wastewater 
system expressed as a percentage of the total rainfall 
for the catchment upstream from each flow monitor 
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Recharge Refers to water entering an underground aquifer 
through faults, fractures, or direct absorption.  
 
Runoff Surface water entering rivers, freshwater lakes, or 
reservoirs.  
 
Separate 
Wastewater 
A wastewater system that carries only sanitary 
wastewater, not storm water runoff. When a 
wastewater is constructed this way, wastewater 
treatment plants can be sized to treat sanitary wastes 
only and all of the water entering the plant receives 
complete treatment at all times.  
 
Sewage Liquid and solid waste water carried away by a 
wastewater system.  See wastewater. 
 
Sewer A waste pipe that carries away sewage or surface 
water. 
 
Sewerage Waste water and waste matter carried away by a 
wastewater system.  See wastewater. 
 
Significant 
Rainfall Events 
Any rainfall or storm event where a reaction or direct 
increase in wastewater flows of at least 10% is 
recorded. 
 
Simulation The matching of calculated discharge and depth 
hydrographs with recorded discharge and depth 
hydrographs at a particular site. 
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Slow Response Rainfall entering the wastewater system as a result of 
seepage through the ground to buried sewers, 
typically, water enters the sewers a few hours after 
the onset of rainfall and persists for a significant 
amount of time after it; slow response usually comes 
off pervious areas connecting to each model pipe. 
 
Spatial Variance The allowance for differences in recorded rainfall 
between rainfall gauges across a wastewater 
catchment. 
 
Storm Drain A wastewater system that carries storm water and 
surface water, street wash and other wash waters, or 
drainage, but excludes domestic wastewater and 
industrial wastes 
 
Surcharge 
Capacity 
The maximum flow that can be passed through a 
wastewater system (catchment) before spillage 
occurs from an Emergency Relief Structure (ERS) or 
manhole. 
 
Surcharging The effect of increased percolation and base flow due 
to additional load normally caused by precipitation. 
 
Surface Water Water that flows in streams and rivers and in natural 
lakes, in wetlands, and in reservoirs constructed by 
humans.  
 
 xxviii 
 
Tenement A property unit.  Usually containing one connection 
to wastewater services. 
 
Trade Waste Wastewater produced by business, commercial and 
industrial activity that it disposed of into the 
wastewater system. 
 
Underflow Movement of water through subsurface material.  
 
Wastewater Water containing waste including grey water, black 
water or water contaminated by waste contact, 
including process generated and contaminated 
rainfall runoff.  
 
Wastewater 
Lateral 
This is the wastewater pipe that connects a building's 
plumbing system to the main wastewater line in the 
street. Maintenance of wastewater lateral pipes 
located within private property is generally the 
responsibility of the property owner. Wastewater 
laterals are also called service laterals, house laterals, 
feeder laterals, or simply laterals. 
 
Wastewater 
Mains 
The principle wastewater pipe to which sub mains 
and wastewater branches are tributary.  Also known 
as a wastewater trunk. 
 
Wastewater 
Outfall 
A wastewater system that receives from a collecting 
system or from a treatment plant and carries it to a 
final point of discharge. 
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Wastewater 
Trunk 
A wastewater pipe, which receives many tributary 
branches and serves a large territory. 
 
Water Cycle Natural pathway water follows as it changes between 
liquid, solid, and gaseous states; biogeochemical 
cycle that moves and recycles water in various forms 
through the ecosphere.  
 
Water Logging Saturation of soil with irrigation water so the water 
table rises close to the surface.  
 
Water Table Level below the earth's surface at which the ground 
becomes saturated with water. The surface of an 
unconfined aquifer, which fluctuates due to seasonal 
precipitation.  
 
Watershed Land area from which water drains toward a common 
watercourse in a natural basin.  See Catchment. 
 
Weather Day to day variation in atmospheric conditions.  
Wet Weather 
Day 
A day which has as a minimum, an ARI 1 in 5 
rainfall event whose duration exceeds the 
concentration time of the catchment undergoing 
measurement. 
Wet Weather 
Flow Profile 
Dimensionless hydrographs simulating the diurnal 
flow pattern wastewater production rates for different 
land uses.  On a wet weather day. 
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Chapter 1      Introduction 
The estimation of wastewater flow is a fundamental requirement in the 
successful design of wastewater systems.  The sizes and capacities of all 
components from wastewater pump stations (WWPS), rising mains, gravity 
trunk mains, and lateral feeders of a wastewater system depend on the 
predicted amount of wastewater flow that will originate from the planned 
wastewater catchment. 
It is essential that the wastewater system has adequate capacity to 
accommodate peak wet weather flow (PWWF), but will also function at 
minimum flows without operational problems (Great Lakes Upper 
Mississippi River Board of State Sanitary Engineers 1978, p. 12).  
The reliability of flow estimates is dependent on the accuracy of many 
assumptions including future water demand which is proportional to the 
wastewater production, projected population, population density, 
socioeconomic distribution, land use or planning scheme zone and the 
maintenance of assets by the relevant authorities (Melbourne and 
Metropolitan Board of Works 1971, p. 27). 
Wastewater systems in Victoria are currently governed by either the Water 
Industry Technical Standard (WITS), or the Water Services Association of 
Australia Sewerage Code (WSAA) (Coulsen, J 2004, pers. Comm.., 15 
June).  Gippsland Water (GW) has its own WWPS specification, which is 
based heavily on the WITS (Gippsland Water 2004).  The GW WWPS 
specification is included in Appendix B. 
The principal criterion under the WITS specifies inter-alia that: the 
wastewater system must be able to transmit the load generated by an annual 
recurrence interval (ARI) 1 in 5 event without spill (City West Water et. al  
1995, p. 236).  The ARI 1 in 5 event is not adequately defined by either the 
WITS or the GW WWPS specification.  It is unclear whether the event is a 
1 in 5 wastewater event, or a 1 in 5 rainfall event (Cox, T  2004, pers. 
comm., 17 June). 
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Clarification with Standards Australia revealed that the intent was for an 
ARI 1 in 5 rainfall event to be evaluated, and as such, the assumption is that 
a 1 in 5 rainfall event is the measure specified.  The time of concentration 
for the wastewater catchment is also not considered by these authorities. 
The accurate prediction of future wastewater flow by means of a user 
friendly and understandable formula is an extremely useful tool.  At present 
“old school” rules of thumb are passed down from senior engineers, with the 
reasoning and explanation behind these methods remaining a mystery, or 
explained by the Grandfather principle: “that is the way we have always 
done it” (Coulsen, J 2004, pers. Comm., 15 June).  Although respect should 
be paid to the old field tested apodictic methods, it is more appropriate to 
adopt an increased technical approach to the initial stages of wastewater 
system design. 
GW currently uses the theoretically derived Colombo formula (1.1) and 
(1.2) for the prediction of PWWF in separate wastewater systems.  This 
formula was presented by the Melbourne Metropolitan Board of Works 
(MMBW) at the Colombo Lecture series in 1971.   
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 I    I   A         r       C  A      q    P   
      
spc +×+××+×
=PWWF   ( 1.1 ) 
 
0.55      
population
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    1.74          r ×+=         ( 1.2 ) 
P  = number of residential lots 
q  = residential dry daily discharge [L/Lot/Day] 
Ac = industrial or commercial area [Ha] 
C  = industrial or commercial dry daily discharge [L/Ha/Day] 
r  = dry weather peaking factor 
A = total catchment area [Ha] 
Ip  = permanent infiltration [L/Ha/Day] 
Is  = storm infiltration [L/Ha/Day] 
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The difficulty arises in the utilisation of common storm infiltration (Is) and 
permanent infiltration (Ip) values in (1.1).  Field operators have indicated 
significantly higher flows following rainfall events, and that there are 
distinct differences in wastewater lag time between the different catchments.  
Also some catchments tend to experience higher Ip, which is attributed to 
groundwater infiltration and base flow, while other catchments experience 
higher Is, normally attributed to a fast response inflow (Tripp, J  2004, pers. 
comm., 14 July). 
The purpose of this dissertation was to regionally customise Ip and Is values 
for each of the GW sub catchments: Traralgon, Warragul and Sale.  These 
infiltration values are to be used in conjunction with the Colombo formula 
(1.1). 
The scope of this study will be limited to an examination of wastewater 
flows of the separate systems within the GW catchments.  The separate 
wastewater system is intended only to receive domestic wastewater and 
industrial wastes without the addition of surface runoff or storm water 
drainage.  Although these separate wastewater systems are not intended to 
admit wet weather flow, it does enter the system and, realistically, 
allowances must be made for it. 
A secondary equation for comprehensive developmental analysis was also 
theorised.  This equation will be for use once a development plan has been 
produced.  The analysis equation will be used as a refining tool in 
conjunction with the basic Colombo formula.  The equation considers 
factors such as the number of manholes; type, length and age of piping used 
as well as basic soil type. 
The purpose of this dissertation is not to provide a formula to supersede the 
fully dynamic models, such as Info Works or H2O Map, but rather to 
propose a guide for use either in unmodelled regions or during preliminary 
design calculations. 
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Chapter 2      Literature Survey 
2.1 Origins of Wastewater Design 
Although the Incas, Romans, and Greeks all catered for the removal of 
wastewater from their cities, the renaissance of wastewater system design in 
the modern world was in London during the mid  to late nineteenth century.  
The first epidemics of cholera struck London in 1831, killing 6000 
Londoners.  As a result of the disease epidemic in 1842, lawyer Edwin 
Chadwick, secretary to the Poor Law Commission, produced an 
uncompromising and influential paper, The Report on the Sanitary 
Condition of the Labouring Population of Great Britain (Cadbury 2003, p 
161).  Chadwick’s theory stated that the smell of untreated sanitary waste 
was the cause of the spread of Cholera, “a smell is disease” he 
confidentially told parliament. 
Between 1831 and 1856, six separate Metropolitan Sewers’ Commissions 
considered plans to sewer London.  A plan was finally approved by the 
Metropolitan Board of Works in 1860, under the direction of Joseph 
Bazalgette.  Bazalgetta was an entrepreneur who employed the skills of 
Terrence Box, a notable engineer, who designed the sewers of London and 
also wrote the guide: Practical Hydraulics: A Series of Rules and Tables for 
the use of Engineers.  This was the first comprehensive textbook on 
wastewater system design published.  However, the textbook only 
considered wastewater system hydraulics and did not detail methods for the 
estimation of wastewater flows. 
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2.2 Random Water Demand & Wastewater 
Production 
Using probability theory Hunter (1940) was the first to model random water 
demand.  Hunter achieved this by assigning fixture units to individual 
appliances to reflect their comparative load generating effect. 
This same approach was also applied to building drainage design by Wise 
and Croft (1954), in which the discharge unit ratings were based upon the 
appliance flow rate, duration of appliance discharge, and the minimum time 
interval between appliance discharges.  The accumulation of the relevant 
discharge units enables the peak flow rates to be estimated from groups of 
mixed appliances.  This approach was subsequently taken up by the 
National Association of Plumbing, Heating and Cooling Contractors (1980) 
in the United States and the British Standards Institute (1968). 
 
2.3 Peaking Factor Method 
The peaking factor method is currently the recommended flow estimation 
technique of the WSAA Sewerage Code  (Langford 1999, p. 28).  The 
peaking factor method involves the estimation of the average wastewater 
flow in the wastewater system as a product of the daily amount of 
wastewater generated per person in the contributing area for industrial and 
commercial catchments and the population served in residential catchments.  
The peak flow is established by multiplying the average flow by the suitable 
factor, which can be obtained from flow estimation tables in the WSSA 
Sewerage Code  (Langford 1999, p. 72). 
Experience has shown that peak factors generally decrease from smaller 
catchments to larger catchments  (Gaines 1989, p. 241).  Peaking factors are 
either chosen as fixed values, approximately linked to wastewater pipe type, 
e.g. six for branch wastewater pipes and four for wastewater pipes (British 
Standards Institution 1968,  p. 173). 
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Otherwise, the peaking factor is related to the position in the network, using 
the population served or the average flow rate for that particular point or 
land use (Joint Committee on Revision of Manual of Practice of Design and 
Construction of Sanitary and Storm Sewers and Joint Committee of the 
American Society of Civil engineers and the Water Pollution Control 
Federation 1969, p. 246).  These peaking factors are typically of the form: 
 
0.2 and 0.15between usually  constant,  
PopulationCatchment   p
Factor Peaking  P
p
5
  P
F
F
=
=
=
=
α
α
      ( 2.1 ) 
 
Gaines (1989) carried out an extensive wastewater monitoring programme 
in the city of Denver, Colorado, in the United States of America.  
Wastewater rates of flow greater than the average peak flow rate were 
plotted and found to approximate the Gaussian distribution.  By using the 
properties of this distribution, probabilities were created for maximum one 
hour peak flow rates, and maximum six hour peak flow rates.  Gaines’ 
results demonstrated that formulas of the type shown in (2.1), predict flow 
rates adequately, but not with consistent confidence levels. 
Lentz (1963), and Geyer and Lentz (1966) showed that peak wastewater 
flow rates can also be estimated based on socio economic information and 
wastewater network characteristics using a historically derived extreme 
value frequency distribution, similar to flood frequency analysis.  Geyer and 
Lentz’s graphical procedure enabled probabilities to be assigned to flow 
rates, making it possible to either consider confidence limits on the 
calculated flow or to design for a given annual recurrence interval. 
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2.4 Colombo Formula 
The Colombo Plan was conceived at a meeting of the Commonwealth 
Foreign Ministers in Colombo and in January 1950 a plan for Cooperative 
Economic Development of South and South East Asia (Melbourne and 
Metropolitan Board of Works 1971) was formed.  As part of the plan, 
members of the Commonwealth exchanged knowledge on topics from 
public infrastructure to literacy techniques.  A lecture series on public health 
was held in Melbourne during 1971.  During the lecture series the Colombo 
formulae (1.1) and (1.2) were presented as the recommended method for 
calculating PWWF. 
Peak dry weather flow (PDWF) (2.2), average wet weather flow (AWWF) 
(2.3) and average dry weather flow (ADWF) (2.4) can also be calculated by 
simple algebraic manipulation of the original formulae (1.1). 
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The formulae can also be modified to accommodate a number of 
commercial or industry types and residential dry flow rates.  This is 
achieved by a summation of the area and flow rate or lot and flow rate 
multiple as indicated in (2.5) below for ADWF: 
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2.5 Contributor Hydrographs 
During the same period, work on wastewater simulation was being carried 
out in South Africa using "contributor hydrographs" (Shaw 1963). These 
hydrographs consisted of plots of hourly dry weather flow (DWF) data, 
derived by gauging relatively small catchment areas of uniform 
socioeconomic composition.  Although not detailed how, Shaw suggested 
that the hydrographs could be synthesized into a composite hydrograph of a 
complete drainage area incorporating such effects as storage in pipes and 
time of travel in the wastewater system.  Shaw (1963) also found that the 
daily variation in flow magnitude for any particular catchment was 
significant.  To develop a hydrograph suitable for use, he suggested the 
equation (2.6) based on normally distributed flows: 
 
σcZQQ += ˆ              ( 2.6 ) 
 
Q   =  flow rate 
Qˆ   =  mean value of recorded flows 
cZ   =  confidence coefficient 
σ   =  standard deviation of recorded flows 
 
 
A value of cZ  = 2 was suggested for design purposes, equivalent to 
assuming a confidence limit of approximately 95%.  Stephenson and Hime 
(1982) made similar measurements in Johannesburg.  In Johannesburg, 
Stephenson and Hime (1982) used contributory hydrographs fitted to lagged 
sine waves, to develop a hydraulic model for Johannesburg’s wastewater 
system.  Stephenson and Hime (1982) made a number of assumptions to 
solve pipe hydraulics issues, resulting in a model that considered wave 
translation, but neglected flow attenuation.  
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2.6 Conclusion 
Without extensive modelling or exhaustive field research, no single basic 
method of estimating wastewater flows can be regarded as more reliable 
than another.  Methods requiring more detailed information, such as the 
development of contributory hydrographs, often induce a false sense of 
confidence.  The amount of information required and presented, confers the 
impression of accurate result generation.  However due to the complex and 
random nature of wastewater flow, some of the assumptions made during 
calculation render the result no more accurate than other less technical 
methods such as peaking factor method or the Colombo formulae. 
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Chapter 3      Background 
3.1    The Region 
Gippsland is located in regional south eastern Victoria. GW is Victoria’s 
second largest non metropolitan Water Authority, providing water and 
wastewater services across the Central Gippsland region.  The jurisdiction 
of GW stretches from Drouin in the west to Stratford in the east and from 
Churchill in the south to Erica in the north (Gippsland Water 2003, p. 4) as 
depicted by Figure 1.   
 
Figure 3.1: Gippsland Water Catchment 
 
This large region is approximately 12,000 km2 and supports a population 
base of more than 130,000 people (Gippsland Water 2003, p. 4).  GW 
provides potable water services to 41 towns in the region, 23 of which also 
receive wastewater services (Gippsland Water 2003, p. 5). 
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There are currently 49,286 properties that receive wastewater services with 
25,992 ML of wastewater treated annually.  There is approximately 1352 
km of wastewater mains, 13 wastewater treatment plants (WWTP) and open 
channel regional outfall sewer (Gippsland Water 2003, p. 4). 
3.2 Wastewater 
There are two types of wastewater ; domestic and industrial.  Domestic 
wastewater is made up of approximately 99% of water and 1% of mostly 
biodegradable products such as detergents, food scraps, and human waste.  
The average person generally despatches between 250 to 400 litres of 
wastewater daily (Soste, cited in Boag 2002, p. 146).  
Domestic wastewater is the used water from the toilet, drains, baths, 
showers, sinks and washing machines.  It does not include the rain that falls 
on the roof of the house or that runs into the gutters at the front of the house.  
This water enters the stormwater system and is discharged, untreated, into 
waterways or to the sea.  The stormwater system operates independently of 
the wastewater system.  
Industrial wastewater is any liquid waste generated by businesses, industries 
or manufacturing processes and is often defined as 'trade waste'.  Examples 
of trade waste are fats, oils, grease, pulp and paper waste, and food 
manufacturing waste.  Businesses such as restaurants, fish and chip shops 
and service stations, are required to install grease and oil inceptor traps to 
store their trade waste.  These traps capture the solid waste in order to 
prevent blockages in the wastewater systems and treatment plants.  Some 
larger industries are required to partially treat wastewater before it is accept 
into the wastewater system for further treatment and eventual disposal.  
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3.3 Wastewater Systems 
Wastewater systems usually have three main components - property 
connections, collection and transfer systems and wastewater treatment 
plants (WWTP).  Property connections are the pipes that carry wastewater 
from each house, shop, or building to the reticulated wastewater mains.  The 
wastewater collection and transfer system is the network of underground 
pipes and pumping stations that transport the wastewater to the wastewater 
treatment plant.   
 
3.4 Geological Features 
The oldest outcropping rocks in the Gippsland area are of Cambrian age, 
approximately 580  to 500 million years old (Cochrane 1991, p 12).  During 
the Cambrian period, Victoria was covered by a deep ocean.  The sediments 
deposited during this period include fine grained greenstone, formed from 
sub marine lava flows.  Present day outcrops of greenstone material can be 
found along the south western coastline of Waratah Bay.  
Gippsland remained under this deep ocean throughout the Ordovician, 
Silurian and early Devonian periods, up until approximately 380 million 
years ago.  At that time, Australia was part of the Gondwana continent, and 
it is estimated that during the Ordovician period, Victoria was located 
within 20 degrees of the Equator (Cochrane 1991. p. 14). 
During the Silurian, Australia moved southward and by the early Devonian 
period had moved close to its present position.  Throughout these periods, 
thousands of metres of sediment, predominantly sandstones, mudstones and 
shales, were laid down within a deep oceanic trough that extended from 
Tasmania into New South Wales.  Outcrops of Devonian rocks, formed 
between 410 to 360 million years ago, can be found today on the Liptrap 
Peninsula and around Foster (Cochrane 1991, p 14).  
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In the Silurian period, primitive plant life had evolved on land.  By the late 
Devonian period, amphibians and insects had evolved, as well as primitive 
leafy plants and ferns.  From the middle Devonian period to the beginning 
of the Cretaceous period, covering a span of two hundred and fifty million 
years, most of Victoria was no longer covered by ocean.  The remaining 
sediments, several kilometres thick in some places, were then eroded away, 
forming a nearly level plain.  This erosion exposed granites around Wilson's 
Promontory which were formed in the middle Devonian period 385 to 400 
million years ago as intruded magmatic material slowly crystallised under 
pressure (Cochrane 1991, p 15).  During the late Carboniferous and Permian 
periods, Victoria was positioned closer to the South Pole and was largely 
covered by glaciers.   
In the late Jurassic and early Cretaceous periods, 160to96 million years ago, 
Australia and Antarctica began to split apart.  As they moved apart, a large 
basin was formed by subsidence (Cochrane 1991, p 16). This basin was then 
slowly filled with sediment consisting of Early Cretaceous sandstones and 
mudstones to depths of up to 3000 metres.  These sediments were 
transported by rivers that flowed into the lakes within the basin, where they 
were deposited.  Accumulated swamp material would later be compacted to 
form the coal seams in the Wonthaggi and Latrobe regions.  During this 
period conifers and ferns dominated the vegetation, and dinosaurs were 
common.  A number of important fossils from this period have been found 
near Koonwarra (Barton 1976, p. 28). 
From the Middle Cretaceous period, Australia moved further away from 
Antarctica.  The stresses caused by this separation resulted in significant 
folding, faulting and uplifting of the Early Cretaceous basin sediments. The 
uplift resulted in the development of the Otway and Strzelecki Ranges.  The 
rocks forming these ranges have high feldspar content, and weather 
relatively easily.  This, combined with the high rainfall, has resulted in the 
development of rounded hills with generally deep soils of Warragul, 
Korumburra, and Leongatha. 
  43 
During the upper Cretaceous and early Tertiary periods, extensive lava 
flows occurred within many of the valleys in Gippsland.  Extensive present 
day outcrops are located in uplifted areas of the Gippsland Highlands north 
of Mirboo, around the eastern margin of the ranges and around Leongatha 
and Dumbalk.  In other areas, subsequent Tertiary and Quaternary 
sediments have covered lava flows.  
Victoria experienced a warm and wet climate throughout much of the 
Tertiary period, and temperate rainforest was widespread over the state. 
During the Tertiary period, approximately 65 million years ago, Australia 
continued to drift away from Antarctica at rates of up to six cm per year. 
Three interconnected basins, the Otway, Gippsland, and Bass, formed along 
the southern edge of Victoria's continental plate, and significant marine 
sediments were laid down in the shallow seas.  Some parts of these basins 
now lie onshore, but most are to be found beneath the Bass Strait.  
Following the uplift of the south eastern highlands in the Tertiary period 
approximately five million years ago, extensive river systems developed 
over dry land areas (Cochrane 1991, p 17).  These rivers developed deep 
channels, which were filled with coarse gravels.  Some of these have been 
preserved as river terraces along present day streams.  As the uplands 
became more eroded and the rivers draining them reduced.  These slower 
flowing streams then deposited only fine grained sediments such as silt.  As 
a result, finer grained sediments covered the coarser gravels. 
The most recent geological period is the Quaternary that extended from 1.6 
million years ago to recent times.  During the Quaternary there were several 
ice ages.  The most recent ice age peaked approximately 25,000 years ago 
when sea levels were some 150 metres lower than present (Cochrane 1991, 
p 17).  Quaternary deposits include a number of coastal deposits such as 
dunes, beach deposits, windblown sand sheets and barrier deposits, swamp 
and lagoonal deposits, and stream alluvium, predominately sands, silts and 
clays deposited by streams carrying eroded material from the highlands. 
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3.5 Traralgon 
3.5.1 Overview 
 
Figure 3.2: Traralgon Location Map 
 
Traralgon is situated in Gippsland, Victoria, and is 185 km east of 
Melbourne. Prior to 1956, the Traralgon wastewater system was a pan 
service, where sanitary wastes were disposed of at a site on the corner of the 
Princess Highway and Rocla Road, on the eastern fringe of the 
township(Latrobe Valley Water and Sewerage Board 1981, p. 4).  
The wastewater system was constructed and connected to the Regional 
Outfall Sewer (ROS) in 1956 (Latrobe Valley Water and Sewerage Board 
1981, p. 5).  Traralgon is serviced by a separate wastewater system, 
reticulated water supply, telephone and electricity amenities.  At present, the 
wastewater system is connected to the ROS at five locations. 
The local economy of Traralgon is based primarily on the Latrobe Valley 
power industry, Australian Paper Mills and some agriculture, primarily 
dryland dairy farming and fine wool merino.  A locality map of Traralgon is 
located in appendix C. 
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3.5.2 Traralgon Population & Demography 
In 2001, Traralgon’s population was approximately 20,000 persons (Urban 
& Regional Research Unit 2001).  The population growth rate for Traralgon 
between the period 1996 and 2001 was approximately 0.6% (Urban & 
Regional Research Unit 2001).  Traralgon’s future growth will be due 
mainly to natural growth rate.   
Population trends in Traralgon are shown in Figure 3.4, which depicts the 
population, numbers of private dwellings, and number of occupied 
dwellings between 1981 and 2001.  The number of dwellings has increased 
marginally with a corresponding slight decrease in the population.  The 
average household size in Traralgon during 2001 was 2.49 persons per 
dwelling (Urban & Regional Research Unit 2001). 
Traralgon Population Trends
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Figure 3.3: Traralgon Population Trends 
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Year Population Number of Dwellings 
Number of 
Occupied 
Dwellings 
1981 18,057 5,816 5,429 
1986 19,233 6,677 6,225 
1991 19,669 7,314 6,675 
1996 18,993 7,844 7,026 
2001 19,614 8,385 7,698 
Table: 3-1: Traralgon Population Trends 
 
Full demographic data from the Victorian Department of Sustainability and 
Environment is included in appendix C. 
 
3.5.3 Geological Synopsis  
The two major soil types in the Traralgon region are haunted hills gravel 
from the Neogene period, and an unnamed alluvium from the quaternary 
period (Department of Sustainability & Environment 2004).  Appendix C 
details the Victorian Department of Primary Industry geological map 
illustrating the soil boundaries and provides a short descriptor on the soil 
type. 
 
3.5.4 Traralgon Planning Scheme 
Traralgon is a typical rural township with commercial, light industrial and 
residential zones.  Appendix C details the planning schemes for the 
Traralgon region. 
 
3.5.5 Traralgon Pluviometer Location 
The GW pluviometer is located in Breed Street adjacent to the central 
business district of Traralgon.  The location of the pluviometer is illustrated 
in appendix C. 
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3.6 Traralgon Wastewater System 
The Traralgon wastewater system produces approximately 12,270 ML/Year 
from 9,281 tenements (Coulsen 2003, p. 4).  The system has approximately 
180 km of wastewater pipelines and two major clients (Gippsland Water 
2003, p. 41).  Loy Yang Power, which has its own wastewater pump station, 
and the Traralgon cattle sale yards.  Loy Yang Power produces 
approximately 55.6 ML/year and the Traralgon sale yards 6.6 ML/year 
(Gippsland Water 2003, p. 37).  The waste production from Loy Yang is 
constant throughout the year, while that from the sale yards is seasonal.  The 
sale yards operate Tuesdays and Thursday on a seasonal basis.  
 
3.6.1 Traralgon Sub Catchments 
The Traralgon wastewater system functional schematic is shown in 
appendix C.  The five wastewater sub catchments are, West Traralgon, 
Central West Traralgon, Central Traralgon, North Traralgon and East 
Traralgon.  Each of the catchments is segregated by their individual 
connection to the ROS. 
 
3.6.1.1 West Traralgon 
The West Traralgon catchment has an area of 519 Ha.  The boundaries of 
the West Traralgon catchment are illustrated in appendix C.  The West 
Traralgon catchment contains the Latrobe Valley Airfield WWPS and 
Village Drive WWPS.  West Traralgon catchment includes a large plant 
nursery, the regional health service and an associated specialist medical 
precinct, a hotel and conference centre, an airport (no commercial carriers) 
and two medium sized caravan parks. 
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A majority of the areas surrounding this catchment is classified as special 
reserve for river diversion, and as such is not settled.  A rural living zone 
covers approximately 40%, of the total area, whilst that remaining is divided 
between the airport 30%, hospital 20 %, and nursery 10%. 
All flows generated in this sub catchment ultimately discharge into a gravity 
outfall sewer at the Maryvale Storage and Pump Station. A locality map of 
the West Traralgon catchment boundaries is included in Appendix C. 
 
3.6.1.2 Central West  
The Central West Traralgon catchment has an area of 325 Ha.  It is 
predominantly residential, with approximately 70% allocated under 
planning schemes for this land use.  The remaining area consists of a variety 
of land uses including business, education, mixed use, special use, and rural 
living zones.  All flows generated in this sub catchment ultimately discharge 
into a gravity outfall sewer at Cross’s Road.  This gravity main runs parallel 
to the ROS and transfers flows to the Traralgon main pump station, which 
pumps flows in to the ROS. 
Flows from the southwest part off this sub catchment gravitate to the 
Bradford Drive WWPS from which they are pumped, via the rising main, to 
shared Lodge Drive rising main.  Flows from the south east gravitate to the 
Lodge Drive WWPS. Flows from Lodge Drive WWPS are pumped north, 
via a rising main, which discharges into the gravity wastewater reticulation 
system.  Flows from the north west gravitate to a pump station near the 
Traralgon Water Treatment Plant, from which they are pumped to the 
outfall gravity main.  There are also two small pump stations in the 
northeast at Cross’s Road and Gilmour Street which pump flows from the 
small sub catchments into the reticulation wastewater system. A locality 
map of the Central West Traralgon catchment boundaries is included in 
appendix C. 
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3.6.1.2.1 Lodge Drive WWPS (LDP) 
The Lodge Drive WWPS has a catchment of approximately 29 Ha.  The 
entire catchment is zoned as a residential one area (R1Z), with no 
commercial or other districts being present within the catchment.  The 
catchment has 337 wastewater connections.    The most common pipe used 
in the Lodge Drive catchment is polyvinylchloride (PVC), accounting for 
28.5 %.  Further details of pipe sizes, type, and lengths, along with zone 
type and tenement areas can be found in appendix C.  
 
3.6.1.3 Central Traralgon  
The Central Traralgon catchment has an area of approximately 742 Ha. The 
region has two WWPS, Peterkin Street and Breed Street which pump in 
parallel.  A locality map of the Central Traralgon catchment boundaries is 
included in appendix C.  
 
3.6.1.3.1 Peterkin Street WWPS (PSP) 
The Peterkin Street WWPS catchment covers a majority of the central 
business district of Traralgon.  It has a range of planning scheme zones from 
industrial three zone (I3Z) to Low Density Residential (LDR).  Peterkin 
Street catchment is also one of the oldest catchments in Traralgon.  This is 
demonstrated by the extensive use of earthenware (EW) pipes, which 
account for 25.9 %.  Further details of pipe sizes, type, and lengths, along 
with zone type and tenement areas can be found in appendix C. 
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3.6.1.3.2 Breed Street WWPS (BSP) 
The Breed Street WWPS catchment covers a small mixed use zone (MUZ), 
that houses a range of consulting suites.  The catchment also includes 
approximately 66 % R1Z.  Breed Street is a relative new catchment, built 
within the last 20 years. This is evident by the use of reinforced concrete 
(RC) pipes for a majority of the system.  Further details of pipe sizes, type, 
and lengths, along with zone type and tenement areas can be found in 
Appendix C. 
 
3.6.1.4 North Traralgon  
The North Traralgon catchment has an area of approximately 335 Ha. This 
is an extensive catchment with three long rising mains totalling 23 km in 
length. The catchment includes the townships of Toongabbie, Glengarry and 
the WWPS’s of Marshall’s East and Marshall’s West. A majority of North 
Traralgon is classed as rural zones (RZ). The townships of Toongabbie and 
Glengarry are located 7 km and 16 km north of Traralgon, respectively.  A 
locality map of the North Traralgon catchment boundaries is included in 
Appendix C. 
 
3.6.1.4.1 Marshalls Road West WWPS (MRW) 
Marshall Road West WWPS catchment is a predominately zoned R1Z 
occupying 90 % of the catchment. The remaining 10% of the catchment is 
that of undeveloped RZ and an urban floodway zones (UFZ). There are 349 
connections to R1Z lots, with a mean area of 900 m2. 
Marshall’s West is a very new catchment with approximately 56 % of the 
catchment being serviced by PVC pipe. 
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3.6.1.5 East Traralgon 
The East Traralgon catchment has an area of approximately 239 Ha.  East 
Traralgon is predominately an old industrial estate that is currently 
undergoing partial redevelopment in residential lots. 
 
3.6.1.5.1 Campbells WWPS (CBP) 
Campbells WWPS catchment is a largely zoned R1Z occupying 67.4 %.  
The remainder of the catchment is split between I3Z at 32.5 % and RZ at 
0.1%.  There are 219 connections to R1Z lots, with a mean area of 1665 m2.  
The pipes within the catchment are mainly reinforced concrete at 36.5%, 
mild steel (MS) at 24.2 % and PVC at 27.5%. 
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3.7 Warragul 
3.7.1 Overview 
 
Figure 3.4: Warragul Location Map 
 
Warragul is situated in Gippsland, Victoria, 102 km southeast of Melbourne.  
The Warragul wastewater system was constructed in 1957.  The system 
consists of predominately feeder laterals and AC trunk mains.  The trunk 
mains have also been laid along average height datum (AHD) minima points 
and old watercourses, to act as gravity mains.  The local economy of 
Warragul is based primarily on the dairy industry, inclusive of production, 
processing and packaging.  A locality map of Warragul is enclosed in 
appendix D. 
 
3.7.2 Warragul Population & Demography 
In 2000 Warragul’s population was approximately 9,000 persons (Urban & 
Regional Research Unit 2001).  The population growth rate for Warragul 
between the period of 1986 and 2001 was approximately 1.7% (Urban & 
Regional Research Unit 2001).  Population trends in Warragul are shown in 
figure 3.12, which depicts the population, number of private dwellings, and 
number of occupied dwellings between 1981 and 2001.  Full demographic 
data from the Department of Sustainability and Environment is included in 
Appendix D. 
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Figure 3.5: Warragul Population Trends 
 
Year Population Number of Dwellings 
Number of 
Occupied 
Dwellings 
1981 7,712 2,017 2,444 
1986 8,170 3,001 2,758 
1991 8,910 3,388 3,161 
1996 9,011 3,684 3,408 
2001 10,437 4,229 4,003 
Table 3-2: Warragul Population Trends 
 
 
3.7.3 Warragul Geological Synopsis 
The major soil type in the Warragul region is an unnamed alluvium from the 
quaternary period.  Appendix H details the Victorian Department of Primary 
Industry geological map illustrating the soil boundaries. 
 
3.7.4 Warragul Planning Scheme 
Warragul is a typical rural township with commercial, light industrial and 
residential zones.  Appendix D details the planning schemes for the 
Warragul region. 
 
  54 
3.7.5 Warragul Pluviometer Location 
The GW pluviometer location is in Main Street adjacent to the central 
business district of Warragul.  The location of the pluviometer is illustrated 
in appendix D. 
 
3.7.6 Warragul Wastewater System 
The Warragul reticulation system consists of seven minor and one major 
pump station.  None of the reticulation pump stations has bypass facilities 
available and failure of the pumps would eventually lead to a spillage into 
the external environment.  The major pump station, Princes Highway No.2 
pump station, pumps directly into the WWTP. The Warragul WWTP has a 
design capacity to accommodate an equivalent population of 17,000 
persons. 
Currently the wastewater system discharges approximately 157 ML/year 
from 4462 assessments (Coulsen 2003,p.4). The total length of wastewater 
pipeline within the catchment is 101 km (Gippsland Water 2003, p. 41). 
Warragul has three major clients, the Warragul cattle yards at 23.9 ML/year, 
operating seasonally on Wednesdays, Park Avenue Work Wear Services at 
25.7 ML/year, and Warragul Linen Service 108.1 ML/year (Gippsland 
Water 2003, p. 39). 
 
3.7.7 Warragul Sub Catchments 
The Warragul wastewater system functional schematic is shown in appendix 
D.  There are eight WWPS and a WWTP in the Warragul wastewater 
system.  The Warragul wastewater system operates predominately as a 
gravity wastewater system and is not connected to the ROS 
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3.7.7.1 Landsborough Road WWPS (LBP) 
The Landsborough Road WWPS has a catchment of 9.6 Ha and the entire 
catchment is zoned R1Z.  The catchment location and boundaries are 
illustrated in appendix D.  The Landsborough Road catchment has 62 
wastewater connections, and the entire catchment is serviced by PVC pipes. 
 
3.7.7.2 Hamilton Drive WWPS (HDP) 
Hamilton Drive catchment comprises both I1Z and R1Z.  There is also a 
substantial amount of land that is rural zone (RZ).  Although Hamilton 
Drive is an older catchment as demonstrated by the 66.7% EW pipes, it is 
only the industrial area which is old and the residential developments are 
recent. 
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3.8 Sale 
3.8.1 Overview 
 
Figure 3.6: Sale Location Map 
 
Prior to 1958, Sale’s wastewater system was a pan service where the wastes 
were disposed of at several drift well sites located around the municipality.  
1958 saw the construction of a wastewater pumping station, followed by a 
reticulation system.  The pumping station was built to convey the domestic 
waste to the Latrobe Valley Outfall Sewer, now known as the ROS. 
The local economy of Sale is based on agriculture, oil, gas, and military 
support.  A locality map of Sale is located in appendix E. 
 
3.8.2 Sale Population & Demography 
In 2001, Sale’s population was approximately 13,000 persons (Urban & 
Regional Research Unit 2001).  The population growth rate for Sale 
between the period 1996 and 2001 was in decline at -0.7%.  Population 
trends in Sale are shown in Figure 3.16, which depicts the population, 
numbers of private dwellings, and persons per households between 1981 
and 2001. The number of dwellings has increased marginally with a 
corresponding slight decrease in the population.  On average, the household 
size in Sale during 2001 was 2.41 persons per dwelling 
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Figure 3.7: Sale Population Trends 
 
Year Population Number of Dwellings 
Number of 
Occupied 
Dwellings 
1981 12,968 4,260 3,954 
1986 13,559 4,987 4,511 
1991 13,858 5,241 4,800 
1996 13,366 5,479 4,948 
2001 12,854 5,634 5,059 
Table 3-3: Sale Population Trends 
 
Full demographic data from the Victorian Department of Sustainability and 
Environment is included in Appendix E. 
 
3.8.3 Geological Synopsis 
The major soil type in the Sale region is an unnamed alluvium from the 
quaternary period.  Appendix E details the Victorian Department of Primary 
Industry geological map illustrating the soil boundaries. 
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3.8.4 Sale Planning Scheme 
Sale is a typical rural township with commercial, light industrial and 
residential zones.  Appendix E details the planning schemes for the Sale 
region. 
 
3.8.5 Sale Pluviometer Location 
The GW pluviometer location is at adjacent to the WWTP in Sale.  The 
pluviometer is illustrated in the appendix E. 
 
3.8.6 Sale Wastewater System 
The Sale wastewater system consists of two major and sixty  six minor 
WWPS throughout the town.  The sixty  six small WWPS are predominately 
a hydraulic lift to raise the wastewater into gravity mains.  The wastewater 
from these stations is transferred to the major WWPS.  Wastewater from the 
No. 2 major WWPS is transferred to No. 1 WWPS and then pumped into 
the ROS at Longford.  Sale has 6158 assessments (Coulsen 2003, p.4) and 
the total wastewater pipe length of 127 km (Gippsland Water 2003, p. 41).  
See appendix E for the functional schematic of the Sale wastewater system. 
 
3.8.7 Sale Sub Catchments 
The No. 1 wastewater pumping station is located at the corner of Princes 
Highway and Park Street.  The No. 2 wastewater pumping station is at the 
corner of Dawson Street and Guthridge Parade.  
The major clients in Sale are the Australasian Correctional Management at 
83.3 ML/year and the Wellington Shire Council, Sale cattle yards at 14.5 
ML/year (Gippsland Water 2003, p. 37).  The wastewater flow from the 
cattle yards is seasonal ands occurs on Mondays. 
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3.8.7.1 S72 WWPS (S72) 
The S72 WWPS has a catchment of 18 Ha and the entire catchment is zoned 
as a R1Z.  The catchment has 120 wastewater connections and the most 
common pipe used in the S72 catchment is RC, accounting for 40.0 % and 
PVC at 12.7 %.  Further details of pipe sizes, type, and lengths, along with 
zone type and tenement areas can be found in Appendix E.  
 
3.8.7.2 S79 WWPS (S79) 
The S79 WWPS has a catchment of 3.5 Ha and the entire catchment is 
zoned as a R1Z.  The catchment has 46 wastewater connections.    The most 
common pipe used in the S79 catchment is RC, accounting for 28.4 % and 
PVC at 19.7 %..  Further details of pipe sizes, type, and lengths, along with 
zone type and tenement areas can be found in Appendix E.  
 
3.9 Infrastructure 
3.9.1 WWPS 
There are 257 wastewater pump stations in the GW catchment and these are 
located across 23 townships (Gippsland Water 2003, p. 4).  All recently 
constructed WWPS meet the GW WWPS specifications.  Upgrades are 
currently being undertaken to ensure the remaining WWPS will also meet 
the specification in the near future. 
  60 
There is extensive variation amongst the WWPS across the catchments.  
The ADWFs vary from 83.5L/s at Princes Highway No. 2, Warragul to 
0.35L/s at fairway Drive WWPS, Moe.  A number of the older WWPS have 
odd shaped multi compartment wet wells; pump numbers in the wet well 
also vary from one to three (Elvy 2004, p. 2).  The duty points between 
pumps can also vary significantly.  Peak Load smoothing detention tanks 
are utilised at some WWPS.  These tanks store wastewater during peak 
times, to be pumped at a later time. 
 
3.9.2 Supervisory Control And Data Acquisition (SCADA) 
The supervisory control and data acquisition (SCADA) system integrates 
the measurement, control and redundant data storage of all monitored 
variables at WWPSs. The information is relayed from the WWPS by a 
remote telemetry unit (RTU) to a central server.  The information from the 
SCADA equipment can be accessed through a software interface. 
The SCADA system monitors: 
• pump identification, 
• pump start time [Date Time Stamp], 
• pump finish time [Date Time Stamp], 
• pump current draw [Amps], 
• pump voltage draw [Volts], 
• wet well discharge [L/s], and 
• wet well level [%]. 
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The pump identification indicates which pump at the WWPS is running by a 
logic value returned for each pump.  0 means that the pump is not running 
and 1 means pump is running.  The pump start and finish times recorded 
through an exception ruling.  Every change from 0 to 1 or 1 to 0 is recorded 
as a date time stamp.  The SCADA systems uses the pump identification 
and start and stop date time stamps to derived the pump run time and the 
number of pump starts per day. 
The pump current, and voltage are also measured by the SCADA system 
and on the large WWPSs this information is used as a control by the 
variable speed drive (VSD) to optimise performance. 
The wet well level sensor supplies a 4 to 20 mA signal to the programmable 
logic controller (PLC) that represents the full range of the instrument, from 
low level to overflow of the wet well as a percentage.  The wet well level 
sensor is battery backed by a power supply to allow continuous monitoring 
to occur in the advent of power failure.  The value measured by the wet well 
level sensor is retransmitted to the SCADA system by hard wiring to the 
local PLC.  The wet well level is logged on SCADA through a repeat and 
exception ruling.  It logs information every 900 seconds or when there is a 
change in status of 2%.   
Discharge flow is recorded via magnetic flow meters.  Magnetic flow 
meters are highly accurate and do not suffer fouling, but they are limited to 
sites where the pipe is completely full, and the placement of the meter does 
not affect performance downstream of a pump station.  The magnetic flow 
meter logs information through the SCADA system every 900 seconds or in 
exceptional circumstance when there is a change of greater than 5%.   
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3.10 Weather Stations 
Weather stations are located in most major townships of the GW catchment.  
The weather stations record the following parameters: 
• rainfall [mm], 
• air temperature [°C], 
• soil temperature [°C], 
• wind speed [m/s], 
• net radiation [W/m2], 
• wind direction [Degrees], 
• humidity [%], 
• heat flux [W/m2], 
• soil moisture [%] and 
• dew point [°C]. 
 
Rainfall data is recorded with a change of 0.202 mm and with a precision of 
0.001 mm.  While the other measurements are recorded every 1800 seconds 
or by exception with a change of 5 %.  The data is transmitted via RTU and 
available for download from the GW intranet as a common separated 
variable (csv) file. 
 
3.11 Colombo Formula 
GW currently uses the Colombo formulae (1.1) and (1.2) for the prediction 
of wastewater flow during design calculations.  The formulae depends on 
the inputs of catchment area, commercial and industrial area, dry flow rates 
for each area type, population of the catchment and infiltration factors.  The 
selection of these variables effects the result of the formulae.  
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3.11.1 Catchment Area 
Reduction in catchment area is appropriate for catchments with Public 
Purpose Recreation Zones (PPRZ), UFZ or RZ.  The reduction of area 
should be equivalent to the approximate area which does not receive 
wastewater services. 
3.11.2 Dry Flow Rates 
The selection of an appropriate dry flow rate for both residential and 
industrial areas requires an understanding of the land use and the frequency 
of use.  Socioeconomic factors and legislative restrictions should also be 
considered by the engineer.  (2.5) facilitates the segregation of different 
segments of a catchment and applying different dry flow rates to each 
segment. 
3.11.3 Population 
Population of a catchment is also a particular difficult figure to obtain.  The 
populations of towns and regions are normally the measured factors not 
WWPS catchments.  This has been overcome by using the average number 
of persons per dwelling (h) and multiplying it by the number of dwellings.  
This methods work satisfactorily, although areas with high vacancies rate 
also need to be accounted for. 
3.11.4 Infiltration Factors 
The determination of regional specific infiltration factors is the purpose of 
this dissertation.  The infiltration values will be used for the prediction of 
PWWF in the wastewater system. The accurate prediction of the PWWF is 
important for the planning and development of sub catchments. It ensures 
that the design produced is large enough to handle the loads required but not 
too large to be labelled as either over designed or unnecessarily expensive. 
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Chapter 4      Methodology 
4.1 Catchment Selection 
The initial task was to assemble a list of the sub catchments within each of 
the three major regions: Warragul, Traralgon and Sale.  All the sub 
catchments within these region were initially considered to ascertain 
whether the necessary data was available from the SCADA system to enable 
calculation of wastewater flow.  Focus was given to catchments with the 
longest history of data collection. 
The permanent logging of SCADA data is a relatively new procedure at 
GW.  Only new, recently upgraded or highly deficient WWPS have been 
fitted with the equipment required to transmit the volume of data produced.  
Many WWPS have had a SCADA connection for less than one year and it a 
majority of cases either the system was not calibrated or the data was not 
transmitted and logged into storage. 
SCADA also has its limitations, in that the RTUs use to transmit the data 
from the WWPS to the main office tended to fail during significant wet 
weather events.  This leads to either partial of complete loss of data for that 
event.  
4.1.1 Exclusion Criteria 
The catchments were then individually analysed and excluded through the 
following exclusion criteria:  
• Catchment underwent change in land use,  
• Catchment underwent change in socioeconomic status, 
• Catchment underwent change in water consumption, 
• Catchment underwent major growth or decline, 
• Periods of missing maintenance data from MAINPAC, 
• PLC allowed parallel pumping, 
• WWPS had peak flow detention tanks, 
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• WWPS received trade waste from eductor trucks, 
• WWPS receiving flow from cross connections with 
other catchments, 
• WWPS receiving gravity or pumped flow from other 
WWPSs, 
• WWPS spilt into environment, 
• WWPS used ERS as a secondary storage, 
• SCADA system failed regularly during significant wet 
weather events, and 
• SCADA system not calibrated and certified. 
 
The sub catchments that exceeded the exclusion criteria and were 
subsequently analysed are: 
• Peterkin Street WWPS, Traralgon, 
• Lodge Drive WWPS, Traralgon, 
• Breed Street WWPS, Traralgon, 
• Campbells WWPS, Traralgon, 
• Hamilton Drive WWPS, Warragul, 
• Landsborough Drive WWPS, Warragul, 
• S72 WWPS, Sale and 
• S79 WWPS, Sale. 
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4.2 Raw Data Analysis 
Rainfall and wastewater flow raw data were extracted from GW data 
repositories is csv (comma separated variable) format.  The information was 
then manipulated in MS Excel. 
 
4.2.1 Dry Weather Day Selection 
Dry weather was defined as the period of time, which had, as a minimum, 
three proceeding days with no recorded rainfall.  The winter months of June, 
July, August and September are prone to seasonal groundwater infiltration, 
the affects of percolation in the subsoil and surcharging from littoral zones 
could influence the results, so these months were excluded from the study. 
The longest periods of dry weather were selected for analysis.  This allowed 
for variability in the data and enables a trend to be established which were 
more representative of the normal changes in flow that occur and decrease 
the risk of selection bias.  This method was used to increase the statistical 
power by increasing the sample size and statistical significance of the 
analysis. 
The dry weather days for each catchment were then reduced to exclude 
weekends, public holidays, and other special purpose days, such as cattle 
sale days, which were detailed in the sub catchment summaries.  These days 
have particularly erratic wastewater flows and are impossible to predict.  
The dry weather periods for Traralgon, Warragul and Sale catchments are 
listed in appendix C, D and E respectively.  
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4.2.2 Wet Weather Day Selection 
Wet weather was defined as a day which met the following criteria.  The 
day had a rainfall event of a longer duration than the concentration time of 
the catchment, and that the event had an ARI on greater than 1 in 5.   
The days of significant rainfall where selected from daily total rainfall 
calendars.  All days with significant rainfall where selected and hyetographs 
constructed for these days using pluviometer data.  The ARI of rainfall 
events was then calculated from the intensity frequency duration (IFD) 
curves from the Bureau of Meteorology.  The IFD curves for Traralgon, 
Warragul and Sale are enclosed in appendix C, D and E respectively.  
Due to the limited amount of wet weather events, all wet weather events 
including weekends, public holidays were included for analysis.  .  The wet 
weather periods for Traralgon, Warragul and Sale are enclosed in appendix 
C, D and E respectively. 
 
4.2.3 Wastewater Inflow Calculation 
From the data available from the SCADA system, an Excel spreadsheet was 
constructed for each sequential time period of dry or wet weather.  The 
SCADA systems logged both pump start and stop time using a time date 
stamp.  The duty flow of each pump was taken from the GW Hydraulic 
Analysis reports written from field tests in July 2004 (Elvy, 2004) and 
counter checked against the pump curves, field notes, and maintenance 
records. 
The wastewater inflow was then calculated for each WWPS during the 
selected dry and wet weather periods.  The inflow calculation was 
conducted using the pump runtime, time since last pump run, volume 
pumped and DWF or WWF.   
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The equations are shown below for both dry weather and wet weather. 
1n1nn RTTPumpLast  Since Time −− −−=       ( 4.1 ) 
nRDFPumped Volume ×=          ( 4.2 ) 
n1n1nn
n
RRTT
RDFDWF
+−−
×
=
−−
         ( 4.3 ) 
n1n1nn
n
RRTT
RDFWWF
+−−
×
=
−−
         ( 4.4 ) 
 
Where:  
T  = Pump Run Start Date Time Stamp 
R  = Pump Runtime [s] 
DF = Duty Flow [L/s] 
n  = Number of samples 
 
Table 4.1 below illustrates the spreadsheet method used to calculate DWF 
with the formulae listed above. 
Date Time Stamp 
Pump 
Run 
time 
Pump 
Run 
Time 
[s] 
Time 
Since 
Last 
Pump 
Time 
Since 
Last 
Pump 
[s] 
Duty 
Flow 
[L/s] 
Volume 
Pumped 
[L] 
ADWF 
[L/s] 
04/01/2001 01:03:05 00:09:19 560 01:43:51 6231 216.65 121255 21.53 
04/01/2001   03:40:03 00:09:31 571 02:27:39 8860 216.65 123734 13.97 
04/01/2001   05:01:42 00:09:21 562 01:12:08 4328 216.65 121661 28.11 
04/01/2001   06:10:41 00:09:37 578 00:59:38 3578 216.65 125157 34.98 
Table 4-1: DWF Calculation Method 
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4.2.4 ADWF, PDWF, AWWF & PWWF Calculation 
The ADWF and AWWF were calculated for each sequential period of time.  
ADWF and AWWF were calculated using a weighted average to account 
for the proportional relevance of each component.  The DWF or WWF were 
calculated by (4.5) and (4.6) below: 
 
( )[ ]
( ) +
 +×
=
  runtime pump  run   pumplast  since Time  
  runtime pump  run   pumplast  since Time     ADWF 
    ADWF      ( 4.5 ) 
 
( )[ ]
( ) +
 +×
=
  runtime pump  run   pumplast  since Time  
  runtime pump  run   pumplast  since Time     AWWF 
    AWWF     ( 4.6 ) 
 
 
The PDWF and PWWF were taken as the maximum single DWF or WWF 
recorded during the sequential time period and over the whole collection of 
raw data for each sub catchment. 
 
4.3 Infiltration Values Calculation 
Using the ADWF, AWWF, PDWF and PWWF from each catchment, the 
(4.7), (4.8), (4.9) and (4.10) were used to calculate the infiltration values, Ip 
and Is. 
( ) ( ) ( )[ ]
A
  C    A      q    P   -   86400    ADWF 
    I cp
×+××
=       ( 4.7 ) 
( ) ( ) ( )[ ]
A
r      C    A      q    P   -   86400    PDWF 
    I cp
××+××
=      ( 4.8 ) 
( ) ( ) ( )[ ]
p
c
s I    A
  C    A      q    P   -   86400    ADWF 
    I −×+××=     ( 4.9 ) 
( ) ( ) ( )[ ]
p
c
s I   -   A
r      C    A      q    P   -   86400    PDWF 
    I ××+××=     ( 4.10 ) 
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Two solutions for Ip and Is were generated for each time period and then for 
the catchment as a whole.  The calculated values of Ip and Is for the separate 
time periods were then assessed for each catchment using descriptive 
statistical techniques.  The descriptive statistical technique used was the 
Anderson-Darling normality test and encompassed, mean, 99% confidence 
interval, variance, standard deviation, standard error, coefficient (CV), 
median and range. 
The calculated values of Ip and Is for the individual time periods, the results 
from the descriptive analysis and the catchment as a whole were compared. 
 
4.4 Secondary Analysis Equation 
The purpose of the development of the secondary equations to link assest 
particulars such as pipe material and diameter into the estimation of 
wastewater flows 
4.4.1.1 Hypothesised Formula 
The breakdown of assets gives a good understanding of the age of the 
wastewater system. The DWF of a wastewater catchment can be calculated 
by plotting a time incremented hydrograph.  DWF is comprised of two 
elements, sanitary flow (SF) and permanent infiltration (PI).  Sanitary flow 
is the wastewater  discharged from domestic, commercial and industrial 
sources. 
DWF can be defined in mathematical form as (4.11): 
PI    SF      DWF +=            ( 4.11 ) 
SF = sanitary flow 
PI = permanent infiltration 
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Similarly WWF can be defined in the same way, see (4.12): 
RDI PI    SF      WWF ++=           ( 4.12 ) 
RDI = rain dependant infiltration 
 
Other methods of calculating DWF include the Water Services Association 
Sewerage Code of Australia.  This should be used as a check for accuracy 
against the DWF calculated from the SCADA data. 
It was hypothesized that the RDI could be calculated by (4.13): 
( )( ) ( )
 MF    M          ZTCA      ST     L    TP     RDI ×+××××=      ( 4.13 ) 
Where, 
L = length of pipe (m) 
M = number of manholes 
CA = catchment area (m2) 
TP = pipe type infiltration factor (VC, PVC, CL, etc) 
MF = manhole infiltration factor  
ST = soil type 
ZT = zone type (industrial, business, public, rural, residential) 
 
This type of infiltration is the most common form of infiltration.  Being able 
to estimate its effects on wastewater flow is very beneficial in maximising 
sewer flows. 
4.4.2 Variables 
The factors needed to be calculated for the resolution of equation (4.13) are 
the pipe type infiltration factor which needs to be calculated for each 
different pipe material and diameter type, the manhole infiltration factor, 
soil type factor, and the planning zone scheme type factor. The known 
quantities are the DWF, WWF, length of pipe – the pipe material and 
diameter, the number of manholes and the catchment area (m2) for each 
planning zone scheme type 
 
  72 
4.4.3 ARC Data  
The planning zone schemes for Traralgon, Warragul and Sale were available 
in shape format from the Victorian Department of Sustainability and 
Environment.  These shape files where imported into ARC as a layer using 
the cadastral coordinates as the base reference.  The planning scheme data in 
ARC was linked to asset barcodes using the cadastral boundaries.  Object 
database connectivity was then used to export the details of all assets with 
each of the catchments to MS Access.  In MS Access the data was 
manipulated to extract the following catchment planning zone data, and 
catchment asset data, as illustrated in tables 4.1 and 4.2 below. 
 
Sub catchment Planning Zone Area (m2) 
S72 R1Z 797.18 
S72 R1Z 2907.83 
S72 R1Z 2490.18 
Table 4-2: Catchment Info from ARC 
 
 
 
Sub 
catchment 
Diameter 
(mm) 
Material Planning 
Zone 
Date 
Installed 
Length (m) 
S72 100 AC PPRZ 01-Jan-60 114.41 
S72 150 PVC R1Z 20-Oct-96 653.02 
S72 150 PVC R1Z 01-Jan-91 1431.09 
Table 4-3: Catchment Info Asset 
 
This data provides an indication of the age and structure of the catchment, 
as well as details required for the secondary equation. 
 
 
. 
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4.4.4 Approach 
After the collation of data the first step is to identify all known quantities.  
Once the number of manholes, catchment area distribution across planning 
zone schemes, soil type area distribution, and daily hydrographs for DWF 
and WWF.   
A weather flow profile for both DWF and WWF needs to be established.   
This is the most important element and needs the utmost level of reasonable 
accuracy and consideration.  The WWF needs to be in excess of the DWF at 
all times of the day otherwise the RDI becomes negative.  A unit profile can 
then be created for RDI - the difference between the WWF and DWF.   
From the unit profile and the known factors, the variables could be 
calculated if the formula is of the correct form.  Otherwise multivariable 
regression could be used in a staged approach to solve the formulae.  
Sixth order polynomial regression was used to form daily unit hydrographs 
for both DWF and WWF of wastewater inflow into the WWPS.  These are 
enclosed for Traralgon, Warragul and Sale in appendicies C, D, and E 
respectivelyThe method, limitations and advantages of polynomial 
regression is discussed below in section 4.5.3.1. 
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4.4.4.1 Fitting Regression Curve 
Polynomial regression was used to compute the relationship between a 
dependent variable DWF and WWF in L/s and the independent variable 
time in (s).  The regression analysis was conducted to compare each time 
period inflow to attempt to identify irregularity for the identification of the 
trend and average daily hydrograph was created for each catchment.  A sixth 
order polynomial was used to model the daily DWF and WWF.  Equation 
(4.5) is a basic sixth order polynomial equation: 
Y6 = a + bx +cx2 + dx3 + ex4 + fx5 + gx6        ( 4.5 ) 
Where: 
a = regression coefficient 
b, c, d, e, f, g = partial regression coefficients 
 
The two inputs into the polynomial regression equation was either DWF or 
WWF as the dependent variable and time in seconds as independent variable 
measured on a continuous scale.  The independent variable (time), must be 
free of measurement error.  The precision in the time measurement can 
never be fully guaranteed but in this case the error in time measurement is 
miniscule when compared to the range of data and can be assumed as 
having negligible effect.  Measurement error in the dependant variable 
(DWF or WWF) must be normally distributed and have constant variance 
over the range of time values.  Random errors are normally distributed but 
calibration errors are not normally distributed and can be a source of bias.  
Calibration errors are constant across all data collection equipment, thus it is 
assumed that these errors have no bearing on the results.  As such has been 
assumed that error in the dependent variable (DWF or WWF) is normally 
distributed and constant across the range of time.   
The influence of each independent variable is expressed as a partial 
regression coefficient, with a surrounding confidence interval.  A 99% 
confidence interval has been used in this dissertation. 
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The effect of each independent variable on DWF or WWF, for polynomial 
regression, is summarised as a p-value.  A low p-value indicates the 
independent variable (time) has a significant effect on the dependant 
variable (DWF or WWF). 
The p-value expresses the probability of observing a sample as extreme 
when the null  hypothesis is true.  The smaller the p-value the more unlikely 
the null  hypothesis is to be true.  When the p-value is below a 
predetermined cut-off point, known as the significance level, it is termed 
significant.  Commonly the significance level is either 0.05 or 0.01, in this 
dissertation a significance level of 0.01 was used.  
Regression procedures are used to predict values of DWF or WWF based on 
the values of independent variable (time).  Using a method such as 
descriptive statistics for just the DWF or WWF would show a large 
variance.  However, this is not because the observations of DWF or WWF 
vary widely but because the observations depend on the values of the 
independent variable.  As such, non-linear variation is examined using an 
ANOVA table.   
The variation within the Y sample can be separated into component parts.  
Each row of the table shows variation as above: 
Source of variation SSq DF MSq F p 
Due to regression 283651.9 6 47275.3 171.6 <0.0001 
About regression 150110.2 545 275.4   
Total 433762.1 551    
Table 4-4: Sample ANOVA table 
 
Where: 
SSq  - sum of squares 
DF  -  degrees of freedom 
MSq  - mean square 
F  - ratio of mean square / error variance 
p  - probability or significant level 
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4.4.4.1.1 Variation Due to Regression 
Variation due to regression shows the variation in DWF or WWF  due to the 
regression.  If DWF or WWF varies as a response to time then some of the 
variance can attributed to regression.  The p-value indicates whether there is 
a relationship between time and DWF or WWF.. 
 
4.4.4.1.2 Variation About Regression 
Variation about regression shows the variation in DWF or WWF through a 
fitted regression line.  These variations of observations around the 
regression line are known as residuals.  Positive residuals indicate 
observations above the regression line; negative residuals below the 
regression line.  A plot of the residuals for each observation can be used to 
verify various assumptions of the regression, and also examine how closely 
the computed regression line fits the variables. 
Residuals should be normally distributed.  The histogram shows the 
frequency of residuals, with a superimposed normal curve.  If the residuals 
are normally distributed the curve should match the histogram well, as 
shown in figure 4.1. 
0 100 200
 
Figure 4.1: Normal Distribution of Residuals Example 
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Residuals should ideally be randomly scattered in a constant width 
horizontal band as shown in figure 4.2.  If the points converge or diverge 
then the DWF or WWF variable does not have constant variance across the 
sampling range.  Those residuals outside 4 standard deviations above or 
below the zero line were eliminated from the regression. 
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Figure 4.2: Standardised Residual Scatter Example 
 
4.4.4.1.3 R² 
The R² statistic summarises the fit of the regression line for the relationship 
between DWF or WWF and time.  R2 indicates how much of the variation 
within the sample is accounted for by the regression line.  High values close 
to 1.0 indicate much of the variation in DWF or WWF has been accounted 
for by time.  This value indicates the regression is a good fit, lower values 
indicate the regression line is a poor fit. 
R2 0.73 
Adjusted R2 0.72 
SE 14.83 
Table 4-5: Sample R2 table 
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Chapter 5      Data Analysis & Results 
5.1 Dry Weather Selection 
The selection of dry weather data yielded 110 days in total.  There were 10 
individual periods of dry weather.  Which varied in length from 5 days to 28 
days.  Unexpectedly the dry weather days were the same for all three 
catchments.  The assistance of a drought in rural Victoria since 1997 has 
made dry weather particularly easy to identify. 
The analysis of the DWF relative to time (in seconds) was performed for all 
WWPS and each DWF event individually and then the catchment as a 
whole using the time of day in seconds as the independent variable.  The 
time periods of DWF that were assessed are as follows in table 5.1. 
Start Date End Date N 
4/01/2001 31/01/2001 28 
8/03/2002 20/03/2002 13 
13/01/2003 26/01/2003 14 
18/12/2002 29/12/2002 12 
13/01/2002 21/01/2002 9 
16/12/2001 23/12/2001 8 
4/03/2001 10/03/2001 7 
2/04/2001 8/04/2001 7 
16/02/2001 20/02/2001 5 
14/02/2003 20/02/2003 7 
Total Number of 
Days  110 
Table 5-1: Dry Weather Periods 
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5.2 Ip  & Is  Calculation 
5.2.1 Traralgon 
5.2.1.1 Lodge Drive Wastewater Pump Station (LDP) 
Catchment Lodge Drive WWPS (LDP)    
 
      
r  3.02      
P 337 Lots     
q 600 L/Lot/Day     
A 28.71 Ha     
Ac 0 Ha     
C 0 L/Ha/Day     
       
Start Date End Date n ADWF [L/s] 
Calculated 
Ip based 
on ADWF 
PDWF 
[L/s] 
Calculated 
Ip based 
on PDWF 
4/01/2001 31/01/2001 27 3.68 4039.26 10.58 10571.60 
8/03/2002 20/03/2002 14 3.14 2419.44 7.87 2422.03 
13/01/2003 25/01/2003 14 3.16 2470.41 7.88 2458.68 
18/12/2002 28/12/2002 12 3.18 2518.91 7.89 2488.77 
13/01/2002 20/01/2002 9 3.15 2431.57 7.85 2368.40 
16/12/2001 22/12/2001 8 3.16 2464.81 7.86 2398.50 
4/03/2001 9/03/2001 7 3.15 2449.89 7.88 2458.68 
2/04/2001 7/04/2001 7 3.22 2648.66 7.84 2338.31 
14/02/2003 19/02/2003 7 3.16 2461.79 7.87 2428.59 
15/02/2002 20/02/2002 7 3.22 2653.72 7.88 2458.68 
       
Start Date ADWF [L/s] 
Calculated Is based 
on ADWF 
PDWF 
[L/s] 
Calculated Is based 
on PDWF 
22/03/2001 7.70 13477.53 14.47 19256.23 
10/06/2001 8.00 14368.10 14.05 18265.23 
1/08/2001 7.85 13909.78 15.56 19632.23 
14/12/2001 7.64 13307.35 15.44 18365.32 
23/03/2002 8.56 16046.48 14.03 19864.23 
12/04/2003 7.87 13978.24 14.89 16532.23 
2/03/2003 7.33 12362.81 14.71 15323.21 
6/10/2002 16.38 39580.91 20.44 30165.32 
31/01/2004 7.39 12540.26 14.57 16356.35 
Table 5-2: Calculation of Is & Ip for Lodge Drive Catchment 
The dry weather period from 04/01/2001 to 31/01/2001was identified as an 
outlier 
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5.2.1.2 Peterkin Street Wastewater Pump Station (PSP) 
Catchment       
 
      
r  2.20      
P 4056 Lots     
q 600 L/Lot/Day     
A 680.57 Ha     
Ac 10.47386 Ha Ac2 40.6143 Ac3 48.5 
C 11520 L/Lot/Day C2 9985 C3 6300 
       
Start Date End Date n ADWF [L/s] 
Calculated 
Ip based 
on ADWF 
PDWF 
[L/s] 
Calculated 
Ip based 
on PDWF 
4/01/2001 31/01/2001 27 31.24 -831.96 132.77 6299.95 
8/03/2002 20/03/2002 14 54.85 2165.38 132.78 6301.22 
13/01/2003 25/01/2003 14 54.61 2134.91 132.87 6312.64 
18/12/2002 28/12/2002 12 54.8 2159.03 132.79 6302.49 
13/01/2002 20/01/2002 9 54.72 2148.87 132.88 6313.91 
16/12/2001 22/12/2001 8 54.82 2161.57 132.56 6273.29 
4/03/2001 9/03/2001 7 54.86 2166.65 132.84 6308.84 
2/04/2001 7/04/2001 7 54.77 2155.22 132.88 6313.91 
14/02/2003 19/02/2003 7 54.56 2128.56 132.59 6277.10 
15/02/2002 20/02/2002 7 54.75 2152.68 132.71 6292.33 
       
Start Date ADWF [L/s] 
Calculated Is based 
on ADWF 
PDWF 
[L/s] 
Calculated Is based 
on PDWF 
22/03/2001 227.47 24077.47 291.97 32267.87 
10/06/2001 226.97 24013.85 294.32 32564.92 
1/08/2001 227.47 24077.47 291.97 32265.67 
14/12/2001 235.76 25129.83 293.61 32474.67 
23/03/2002 224.23 23666.49 289.05 31894.74 
12/04/2003 232.50 24716.52 296.16 32797.38 
2/03/2003 232.22 24680.45 300.40 33335.61 
Table 5-3: Calculation of Ip & Is for Peterkin Street Catchment 
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5.2.1.3 Breed Street Wastewater Pump Station (BSP) 
Catchment Breed Street WWPS (BSP)   
 
      
r  1.81      
P 316 Lots     
q 600 L/Lot/Day    
A 20.77 Ha     
Ac 0.344 Ha     
C 75000 L/Ha/Day    
       
Start Date End Date n ADWF [L/s] 
Calculated 
Ip based 
on ADWF 
PDWF 
[L/s] 
Calculated 
Ip based 
on PDWF 
4/01/2001 31/01/2001 27 3.12 2607.49 9.45 20535.57 
8/03/2002 20/03/2002 14 3.07 2399.54 9.35 20119.67 
13/01/2003 25/01/2003 14 3.07 2399.54 9.31 19953.31 
18/12/2002 28/12/2002 12 3.09 2482.72 9.35 20119.67 
13/01/2002 20/01/2002 9 3.09 2482.72 9.34 20078.08 
16/12/2001 22/12/2001 8 3.07 2399.54 9.32 19994.90 
4/03/2001 9/03/2001 7 3.08 2441.13 9.34 20078.08 
2/04/2001 7/04/2001 7 3.09 2482.72 9.35 20119.67 
14/02/2003 19/02/2003 7 3.07 2399.54 9.32 19994.90 
15/02/2002 20/02/2002 7 3.08 2441.13 9.34 20078.08 
       
Start Date ADWF [L/s] 
Calculated Is 
based on 
ADWF 
PDWF 
[L/s] 
Calculated Is based 
on PDWF 
22/03/2001 7.70 19208.73 14.47 19737.93 
10/06/2001 8.00 20439.59 14.05 21765.29 
1/08/2001 7.85 19806.14 15.56 21042.82 
14/12/2001 7.64 18973.53 15.44 18077.74 
23/03/2002 8.56 22759.24 14.03 22538.28 
12/04/2003 7.87 19900.76 14.89 19753.92 
2/03/2003 7.33 17668.10 14.71 18067.19 
6/10/2002 16.38 55285.92 20.44 22999.47 
31/01/2004 7.39 17913.34 14.57 19737.93 
Table 5-4: Calculation of Ip & Is for Breed Street Catchment 
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5.2.1.4 Marshalls Road West Wastewater Pump Station (MRW) 
Catchment Marshalls Road West WWPS (MRW)   
 
      
r  3.96      
P 349 Lots     
q 600 L/Lot/Day     
A 31.44 Ha     
Ac 0 Ha     
C 0 L/Ha/Day     
       
Start Date End Date n ADWF [L/s] 
Calculated 
Ip based 
on ADWF 
PDWF 
[L/s] 
Calculated 
Ip based 
on PDWF 
4/01/2001 31/01/2001 27 3.12 1913.93 9.45 -385.40 
8/03/2002 20/03/2002 14 3.07 1776.51 9.35 -660.24 
13/01/2003 25/01/2003 14 3.07 1776.51 9.31 -770.17 
18/12/2002 28/12/2002 12 3.09 1831.48 9.35 -660.24 
13/01/2002 20/01/2002 9 3.09 1831.48 9.34 -687.72 
16/12/2001 22/12/2001 8 3.07 1776.51 9.32 -742.69 
4/03/2001 9/03/2001 7 3.08 1803.99 9.34 -687.72 
2/04/2001 7/04/2001 7 3.09 1831.48 9.35 -660.24 
14/02/2003 19/02/2003 7 3.07 1776.51 9.32 -742.69 
15/02/2002 20/02/2002 7 3.08 1803.99 9.34 -687.72 
       
       
Start Date ADWF [L/s] Calculated Is based 
on ADWF 
PDWF 
[L/s] 
Calculated Is based 
on PDWF 
22/03/2001 10.69 20907.86 17.60 19745.4 
10/06/2001 10.61 20692.60 17.44 21761.77 
1/08/2001 10.70 20927.08 17.33 21025.05 
14/12/2001 10.40 20108.27 17.65 18074.72 
23/03/2002 10.60 20658.84 18.18 22534.29 
12/04/2003 12.21 25077.42 18.83 19737.32 
2/03/2003 10.18 19507.32 17.12 18061.52 
6/10/2002 11.09 22017.83 19.36 23001.6 
31/01/2004 10.60 20663.75 17.12 19745.4 
23/04/2004 16.38 36533.81 20.44 21761.77 
Table 5-5: Calculation of Ip and Is for Breed Street Catchment 
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5.2.1.5 Campbells Wastewater Pump Station (CBP) 
Catchment Campbells WWPS (CBP)    
       
r  3.33      
P 219 Lots     
q 600 
L/Lot/D
ay     
A 54.23 Ha     
Ac 0.728 Ha     
C 9985 
L/Ha/Da
y 
    
       
Start Date End Date n ADWF [L/s] 
Calculate
d Ip based 
on ADWF 
PDWF 
[L/s] 
Calculate
d Ip based 
on PDWF 
4/01/2001 31/01/2001 27 3.12 2413.77 9.45 6545.99 
8/03/2002 20/03/2002 14 3.07 2334.11 9.35 6386.67 
13/01/2003 25/01/2003 14 3.07 2334.11 9.31 6322.94 
18/12/2002 28/12/2002 12 3.09 2365.98 9.35 6386.67 
13/01/2002 20/01/2002 9 3.09 2365.98 9.34 6370.74 
16/12/2001 22/12/2001 8 3.07 2334.11 9.32 6338.88 
4/03/2001 9/03/2001 7 3.08 2350.04 9.34 6370.74 
2/04/2001 7/04/2001 7 3.09 2365.98 9.35 6386.67 
14/02/2003 19/02/2003 7 3.07 2334.11 9.32 6338.88 
15/02/2002 20/02/2002 7 3.08 2350.04 9.34 6370.74 
       
       
Start Date ADWF [L/s] 
Calculated Is 
based on ADWF 
PDWF 
[L/s] 
Calculated Is based 
on PDWF 
22/03/2001 16.27 21010.40 19.61 1683587.24 
23/03/2001 15.08 19109.62 19.70 1691621.39 
10/06/2001 15.33 19516.66 22.24 1910962.52 
1/08/2001 16.02 20610.59 29.01 2495569.56 
6/11/2001 15.55 19856.63 20.57 1766229.58 
14/12/2001 16.58 21507.11 20.57 1766376.90 
23/03/2002 16.74 21751.74 19.71 1691685.34 
18/04/2002 16.78 21827.90 19.67 1688664.64 
26/04/2002 16.83 21894.06 19.68 1689581.14 
6/10/2002 16.92 22039.20 20.49 1759896.78 
2/03/2003 15.73 20145.99 20.51 1761114.75 
12/04/2003 17.56 23059.77 20.54 1764205.75 
31/01/2004 16.06 20668.32 19.96 1713763.01 
23/04/2004 16.38 21178.49 20.44 1755175.46 
Table 5-6: Calculation of Ip and Is for Marshalls Road West catchment 
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5.2.2 Warragul 
5.2.2.1 Landsborough Road Wastewater Pump Station (LBP) 
Catchment Landborough Drive WWPS (LBP)   
 
      
r  4.64      
P 67 Lots     
q 600 L/Lot/Day    
A 9.64 Ha     
Ac 0 Ha     
C 0 L/Ha/Day     
       
Start Date End Date n ADWF [L/s] 
Calculated Ip 
based on 
ADWF 
PDWF 
[L/s] 
Calculated 
Ip based 
on PDWF 
4/01/2001 31/01/2001 27 3.12 23783.49 9.45 65334.37 
8/03/2002 20/03/2002 14 3.07 23335.55 9.35 64438.48 
13/01/2003 25/01/2003 14 3.07 23335.55 9.31 64080.12 
18/12/2002 28/12/2002 12 3.09 23514.72 9.35 64438.48 
13/01/2002 20/01/2002 9 3.09 23514.72 9.34 64348.89 
16/12/2001 22/12/2001 8 3.07 23335.55 9.32 64169.71 
4/03/2001 9/03/2001 7 3.08 23425.13 9.34 64348.89 
2/04/2001 7/04/2001 7 3.09 23514.72 9.35 64438.48 
14/02/2003 19/02/2003 7 3.07 23335.55 9.32 64169.71 
15/02/2002 20/02/2002 7 3.08 23425.13 9.34 64348.89 
       
Start Date ADWF [L/s] 
Calculated Is based on 
ADWF PDWF [L/s] 
Calculated Is based 
on PDWF 
10/06/2001 3.12 19743.36 4.82 19741.87 
1/08/2001 3.13 21756.72 4.81 21762.48 
23/03/2002 3.24 21032.65 4.88 21042.82 
12/04/2003 3.08 18054.92 4.85 18064.17 
6/10/2002 3.07 22515.16 4.84 22541.01 
31/01/2004 3.04 19743.44 4.81 19734.75 
23/04/2004 3.26 18066.93 4.83 18060.38 
26/04/2002 3.13 23019.28 4.84 23007.5 
Table 5-7: calculation of Ip and Is values for Cambells catchment 
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5.2.2.2 Hamilton Drive Wastewater Pump Station (HDP) 
Catchment Hamilton Drive WWPS (HDP)    
 
      
r  4.81      
P 58 Lots     
q 600 
L/Lot/D
ay     
A 4.46 Ha     
Ac 0 Ha     
C 0 
L/Ha/Da
y 
 
 
 
 
       
Start Date End Date n ADWF [L/s] 
Calculate
d Ip based 
on ADWF 
PDWF 
[L/s] 
Calculate
d Ip based 
on PDWF 
4/01/2001 31/01/2001 27 0.78 7217.28 2.20 5125.07 
8/03/2002 20/03/2002 14 0.81 7898.14 2.20 5125.37 
13/01/2003 25/01/2003 14 0.81 7835.70 2.20 5125.76 
18/12/2002 28/12/2002 12 0.82 8016.79 2.20 5125.00 
13/01/2002 20/01/2002 9 0.81 7969.47 2.20 5124.27 
16/12/2001 22/12/2001 8 0.80 7637.03 2.20 5121.56 
4/03/2001 9/03/2001 7 0.82 8029.97 2.20 5125.97 
2/04/2001 7/04/2001 7 0.81 7910.70 2.20 5125.29 
14/02/2003 19/02/2003 7 0.81 7929.20 2.20 5123.56 
15/02/2002 20/02/2002 7 0.79 7592.83 2.20 5123.17 
       
       
Start Date ADWF [L/s] 
Calculated Is 
based on ADWF 
PDWF 
[L/s] 
Calculated Is based 
on PDWF 
10/06/01 1.62 19724.19 3.17 19736.12 
1/08/01 1.63 21736.17 3.19 21747.4 
23/03/02 1.68 21016.73 3.30 21023.89 
12/04/03 1.60 18038.07 3.15 18046.26 
6/10/02 1.54 22510.21 3.12 22512.64 
31/01/04 1.61 19722.62 3.11 19733.5 
23/04/04 1.63 18041.24 3.20 18054.9 
26/04/02 1.64 22985.85 3.17 23005.11 
Table 5-8: Calculations for Ip and Is Hamilton drive catchment 
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5.2.3 Sale 
5.2.3.1 S72 Wastewater Pump Station (S72) 
Catchment S72 WWPS (S72)     
 
      
r 4.04      
P 120 Lots     
q 600 L/Lot/Day     
A 17.99 Ha     
Ac 0 Ha     
C 0 L/Ha/Day     
       
Start Date End Date n ADWF [L/s] 
Calculated 
Ip based 
on ADWF 
PDWF 
[L/s] 
Calculated 
Ip based 
on PDWF 
4/01/2001 31/01/2001 27 1.35 2481.79 3.87 2417.75 
8/03/2002 20/03/2002 14 1.41 2770.00 3.89 2513.82 
13/01/2003 25/01/2003 14 1.4 2721.97 3.89 2513.82 
18/12/2002 28/12/2002 12 1.41 2770.00 3.89 2513.82 
13/01/2002 20/01/2002 9 1.42 2818.04 3.9 2561.85 
16/12/2001 22/12/2001 8 1.33 2385.72 3.75 1841.33 
4/03/2001 9/03/2001 7 1.33 2385.72 3.76 1889.36 
2/04/2001 7/04/2001 7 1.35 2481.79 3.77 1937.40 
14/02/2003 19/02/2003 7 1.34 2433.76 3.76 1889.36 
15/02/2002 20/02/2002 7 1.31 2289.65 3.87 2417.75 
  
     
Start Date 
ADWF 
[L/s] 
Calculated Is based 
on ADWF 
PDWF 
[L/s] 
Calculated Is based on 
PDWF 
10/06/2001 5.47 19718.24 7.70 19728.15 
1/08/2001 5.89 21735.70 8.00 21745.35 
23/03/2002 5.74 21015.18 7.85 21015.95 
12/04/2003 5.12 18037.03 7.64 18038.84 
6/10/2002 6.05 22504.25 7.56 22512.56 
31/01/2004 5.47 19718.24 7.87 19718.63 
23/04/2004 5.12 18037.03 7.33 18046.34 
26/04/2002 6.15 22984.60 7.99 22987.46 
       
Table 5-9: Ip & Is Calculations for S72 catchment 
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5.2.3.2 S79 Wastewater Pump Station (S79) 
Catchment S79 WWPS (S79)     
 
      
r  5.14      
P 46 Lots     
q 600 L/Lot/Day    
A 3.53 Ha     
Ac 0 Ha     
C 0 L/Ha/Day     
       
Start Date End Date n ADWF [L/s] 
Calculated 
Ip based 
on ADWF 
PDWF 
[L/s] 
Calculated 
Ip based 
on PDWF 
4/01/2001 31/01/2001 27 0.55 5642.98 1.77 3134.24 
8/03/2002 20/03/2002 14 0.54 5398.23 1.77 3134.24 
13/01/2003 25/01/2003 14 0.55 5642.98 1.77 3134.24 
18/12/2002 28/12/2002 12 0.55 5642.98 1.77 3134.24 
13/01/2002 20/01/2002 9 0.61 7111.52 1.77 3134.24 
16/12/2001 22/12/2001 8 0.61 7111.52 1.77 3134.24 
4/03/2001 9/03/2001 7 0.61 7111.52 1.77 3134.24 
2/04/2001 7/04/2001 7 0.62 7356.28 1.77 3134.24 
14/02/2003 19/02/2003 7 0.63 7601.03 1.77 3134.24 
15/02/2002 20/02/2002 7 0.59 6622.01 1.77 3134.24 
       
Start Date ADWF [L/s] 
Calculated Is based 
on ADWF 
PDWF 
[L/s] 
Calculated Is based 
on PDWF 
10/06/2001 1.36 18944.11038 2.49 168424.3273 
1/08/2001 1.42 20412.64606 2.60 177928.3273 
23/03/2002 1.40 19923.13417 2.54 172744.3273 
12/04/2003 1.34 18454.59848 2.51 170152.3273 
6/10/2002 1.56 23839.22934 2.52 171016.3273 
31/01/2004 1.41 20167.89012 2.56 174472.3273 
23/04/2004 1.35 18699.35443 2.41 161512.3273 
26/04/2002 1.54 23349.71744 2.61 178792.3273 
Table 5-10: Calculation of Ip and Is for S79 catchment 
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Chapter 6      Discussion 
The results of this dissertation have been significantly hampered by 
difficulties in acquiring appropriate data.  The data collected was of a 
sufficient quality but the volume of data collected was less than adequate.  
The volume of data collected has been a problem for a number of reasons. 
The SCADA equipment posed difficulties in data collection.  The SCADA 
equipment at GW is a relatively new system and the majority of pumps have 
only a few months worth of reliable data.  The other main problem with the 
SCADA equipment is a tendency for the equipment to fail during significant 
wet weather events.  The lack of data, especially for wet weather events, 
made the analysis of AWWF and PWWF difficult. 
During the study period Gippsland was in the grips of a seven year drought.  
As would be expected, in a drought, their has been significantly decreased 
rainfall.  The decrease in rainfall meant the likelihood of significant rainfall 
event was much further reduced.  The amount of data collected for 
significant rainfall events was very reduced and some concessions needed to 
be made to get a reasonable amount of data.  Weekend school holiday’s and 
borderline ARI 1 in 5 events were all included 
A number of assumptions were made in the preparation of this study.  These 
assumptions included pumps pumping at duty flow; and concentration time 
was constant across the catchments.  The pump duty flow was assumed to 
the rate at which the pump moved wastewater.  The duty flow of a pump 
can vary with load as well as over time.  It was believed that this assumption 
was reasonable as the pumps duty flow is tested regularly and any identified 
problems are fixed quickly.  GW does major hydraulic analyses every 2-5 
years on all pumps.  The pumps are also hydraulically analysed  when parts 
are replaced or there are anomalies pump preformance.  The duty flow of 
the pumps included in this study were last checked in July 2004 and as such 
change from the documented duty flow is likely to be miniscule and of no 
significance to the overall function of the pump. 
  89 
The concentration time of catchment was assumed to be 30 minutes.  There 
is no documented standard for concentration time of a wastewater 
catchment.  The 30 minute figure was attained by comparison with through 
hydrologic computer modeling (Info Works and H2O Map), discussion with 
senior field operators and visual inspection of wet and dry weather 
hyetographs.  The analysis of wet and dry weather flows showed an 
approximate increase in wastewater flow approximate 15 to 20 minutes after 
the rainfall event had started.  The 30 minute figure was an overestimation 
of the computer modeling and indications from wastewater flow 
assessments.  The overestimation allowed for any errors that may have 
occurred in the analysis of the concentration time. 
The secondary equation did not progress past the sixth polynomial 
regression which was conducted in order to calculate the dry weather and 
wet weather unit profiles.  The data obtained was of a suitable standard for 
the calculation of infiltration factors but no for the development of a new 
formula.  It is unlikely that such  formulae would be developed other than 
for academic purposes given the apodictic nature of civil wastewater 
engineers and the complex nature of derive and inflexibility of the purposed 
formula structure. 
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Chapter 7      Conclusions 
7.1 Achievement of Objectives 
The regional values for both Is and Ip were calculated with varying success 
for Traralgon, Warragul and Sale.  Traralgon was the most successful 
catchment with both Ip and Is being similar across Traralgon’s sub 
catchments.  The regions of Sale and Warragul Ip and Is values were 
calculated but with varying degrees of success.  Predominately the 
catchments, which had data available, were not large enough to display the 
expected diurnal wastewater pattern, and variances between both the daily 
average and daily peak tended to fluctuate. 
The development of the secondary formula was unsuccessful.  The 
secondary formulae had too many variables, which made the formula not 
very useful for preliminary calculations.  The complexity would make the 
formula a less desirable tool for wastewater flow calculations.  The formula 
attempts to account for all variables and introduces a false sense of 
confidence in the output by increasing the complexity of the input.  The 
increasing complexity of the inputs did not improve the accuracy of the 
outcome. 
The Colombo formula is a versatile, quick, and easy to use.  The formula 
still produces results with a reasonable degree of accuracy.  These 
characteristics are appealing to the practicing civil engineer. 
The Colombo formula is more precise in its estimation when compared to 
the WSAA Services Code flow estimation technique, which tends to over 
estimate (Coulsen J 2004, pers. comm., 20 August) 
The Colombo formula provides the civil engineer with an accurate guide to 
design wastewater systems, which will transmit an ARI 1 in 5 load but not 
incur operational problems at minimum flows (Great Lakes Upper 
Mississippi River Board of State Sanitary Engineers 1978, p. 12), whilst 
avoiding unnecessary expense. 
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The Colombo formulae utilises common storm and permanent infiltration 
factors, which are 22,000 L/Ha/Day, and 2,500 L/Ha/Day, respectively.  
These common infiltration factors are used as a blanket over the entire 
Gippsland region.  The objective of this dissertation was to define and 
identify the regional specific levels of permanent and storm infiltration 
across each of the major catchments across Gippsland. 
Catchment Is [L/Ha/Day] Ip [L/Ha/Day] 
Warragul 19,800 2,520 
Traralgon 20,310 2,420 
Sale 21,520 2,350 
Currently used 22,000 2,500 
Table: Summary of Calculated Storm and Permanet Infiltration Factors 
 
7.2 Further Work 
Further research into the variation of Ip and Is values in wastewater systems 
across different geographic regions would be an exciting and extremely 
useful study.  The values of Ip and Is could be graphically presented similar 
to an isohyet map.  The formula would then be available for use on all 
standard urban separate wastewater systems. 
Although it is possible to calculate Ip and Is from SCADA data, it would be 
preferable if ultrasonic flow meters and data loggers could be placed 
marginally upstream of all inverts into WWPSs on a range of large 
catchments.  These data logs would provide measurement of wastewater 
flow with an increased level of accuracy.  This increase of accuracy in 
wastewater flow measurement combined with a larger sample size would 
increase the accuracy of calculation of Ip and Is. 
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Figure C2.1: Locality Map for Traralgon 
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C3 Traralgon Geology Map Figure  
 
Figure C3.1:  Traralgon Geology Map 
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Table C3.1: Traralgon Soil Types 
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C4 Traralgon Planning Scheme 
 
 
Figure C4.1: Planning Zone Reference Map 
 
Figure C4.1 above illustrates the reference guide to the numerical identification system for 
the planning zone scheme maps.  All planning zone scheme maps for the Traralgon township 
are displayed below. 
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FigureC4.2: Locality map number 47 depicting zone S. 
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Figure C4.3: Locality map number 48  
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Figure C4-4: Locality Map number 49  
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Figure C4.5:  Locality Map number 50  
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Figure C4.6: Locality Map number 51 
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Figure C4.7: Locality Map number 51. 
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Figure C4.8: Locality Map number 53 
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Figure C4.9: Locality Map number 54 
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Figure C4.10: Locality Map number 55. 
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Figure C40.11: Locality Map number 56 
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Figure C4.12: Locality Map number 57 
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Figure C4.13: Locality Map number 58 
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Figure C4.14: Locality Map number 59 
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Figure C4.15: Locality Map number 60 
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Figure C4.16: Locality Map number 61 
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C5 Traralgon Wastewater Functional Schematic 
 
Figure C5.1: Traralgon Wastewater system functional schematic 
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C6 Traralgon Catchment Boundaries 
C6.1 Traralgon Central West Catchment 
 
Figure C6.1: Geographical representation of the location of the Traralgon Central West 
catchment. 
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C6.2 Traralgon West Catchment 
 
Figure C6.2 Geographical representation of the Traralgon West catchment. 
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C6.3 Traralgon Central Catchment 
 
Figure C6.3: Geographical representation of the Traralgon Central catchment 
 162  
C6.4 North Traralgon Catchment 
 
Figure C6.4: Geographical representation of Traralgon North catchment. 
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C6 East Traralgon Catchment 
 
Figure C6.5: Geographical representation of the Traralgon East catchment 
 164  
C7 IFD Curves 
 
 
Figure C7.1: IFD graph fro Traralgon 
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Figure C7.2: IFD Graph for Traralgon. 
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C8 Location of Pluviometrer in Traralgon 
 
Figure C8.1: Geographical representation of the location of the Traralgon pluviometer. 
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C9 Traralgon Rainfall Calender 
Year Month 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 
2000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 — 0 0 — — 0 0 0 1 9 8 0 0 2 10 9 2 0 
2001 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2001 2 0 0 0 0 8 0 0 0 3 0 0 0 3 — — — — — — — — — — — — — 0 0     
2001 3 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 12 — 1 — 0 29 29 0 0 — — 1 — 0 0 
2001 4 0 0 0 0 0 0 0 0 0 0 0 7 0 0 0 0 0 0 1 0 2 16 17 6 12 0 0 2 0 0   
2001 5 0 1 0 0 0 0 1 0 0 0 1 0 0 0 0 2 0 2 0 0 0 0 1 0 0 0 0 0 2 1 0 
2001 6 0 0 0 0 0 0 4 1 0 54 0 0 — 12 10 1 — — 0 0 12 0 0 0 0 1 0 0 0 0   
2001 7 0 0 0 0 0 0 4 3 6 3 0 7 0 — — 4 0 1 2 1 0 0 0 0 0 0 0 1 0 0 0 
2001 8 33 2 0 0 3 3 2 1 0 0 0 0 0 0 0 0 13 8 2 14 2 7 5 0 0 0 0 0 — 0 0 
2001 9 0 1 10 0 2 0 0 4 7 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 2 0 0 0 0   
2001 10 0 — — 10 2 2 10 3 1 0 1 9 7 3 1 7 0 10 4 2 0 0 0 12 1 0 2 0 2 2 3 
2001 11 1 0 0 0 0 37 0 2 3 2 3 8 8 0 0 0 0 4 3 0 0 0 0 11 1 1 0 0 0 0   
2001 12 1 0 13 2 0 1 12 0 0 0 3 0 0 38 0 0 0 0 0 0 0 0 0 5 0 11 6 1 0 0 0 
2002 1 3 10 7 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 7 13 0 0 0 0 0 0 0 0 
2002 2 2 0 0 0 1 0 0 7 10 4 1 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0     
2002 3 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 13 2 0 0 0 0 
2002 4 0 0 0 9 0 0 0 0 0 0 6 0 0 — — — — 40 0 1 18 1 1 1 0 34 1 0 0 0   
2002 5 0 0 0 0 0 0 0 0 0 3 0 0 1 0 0 0 14 1 6 6 11 3 1 1 0 1 0 0 0 0 0 
2002 6 2 0 0 0 0 0 — — — — 1 0 — — — — — — — — — — — — — — 0 6 0 —   
2002 7 — — — — — — — — — — — — — — — 0 4 0 0 0 7 0 0 3 0 0 0 0 0 0 0 
2002 8 0 3 1 0 0 0 1 0 0 0 0 0 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 — 
2002 9 — — — — — — — — — — — — — — — — — — — 0 0 0 0 0 0 0 0 0 1 1   
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2002 10 0 0 0 0 7 28 1 1 1 0 0 0 4 3 9 0 1 0 1 0 0 0 10 6 4 6 0 0 0 0 0 
2002 11 0 0 0 9 11 0 0 0 0 0 0 0 1 0 0 0 0 0 0 2 6 0 0 0 0 4 5 0 0 0   
2002 12 1 0 0 1 10 16 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 1 
2003 1 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0 0 0 10 
2003 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 1 0 0 0 0 8     
2003 3 3 33 1 0 0 0 0 1 2 8 2 1 0 0 0 0 0 0 0 2 4 2 0 4 0 0 0 0 0 0 0 
2003 4 0 3 1 0 0 0 0 1 0 0 0 38 0 5 0 7 0 0 0 0 0 0 27 1 2 0 0 3 0 0   
2003 5 1 0 0 0 0 0 0 0 2 11 1 0 0 0 0 0 0 0 2 0 1 1 0 0 0 0 0 0 0 0 0 
2003 6 3 0 0 0 0 0 11 13 0 0 0 0 1 5 9 0 0 0 0 0 0 0 0 0 0 0 0 7 0 8   
2003 7 12 0 0 0 0 0 0 0 0 0 0 4 2 0 0 7 0 0 0 0 0 1 0 14 10 9 0 0 3 13 0 
2003 8 0 0 0 0 0 1 0 0 15 1 0 0 12 7 2 0 0 0 1 0 0 1 0 5 7 0 0 0 0 0 7 
2003 9 2 0 1 1 0 0 0 0 0 0 0 1 1 5 6 3 3 2 0 8 0 0 7 4 1 5 11 5 11 0   
2003 10 0 5 1 0 0 0 0 0 0 6 1 0 0 0 0 13 0 0 0 10 0 7 2 3 0 17 0 0 9 1 5 
2003 11 14 6 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 4 9 1 1 0 0 0 0 0 0   
2003 12 3 0 0 2 1 0 0 0 0 0 0 0 2 0 0 0 0 0 10 0 7 10 10 0 0 0 0 0 0 0 0 
2004 1 0 0 0 0 10 0 1 8 1 0 0 0 0 0 0 0 0 5 1 0 0 0 0 0 0 0 0 12 11 1 32 
2004 2 4 0 0 0 0 0 0 0 0 0 14 10 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 2    
2004 3 0 0 0 0 0 0 0 1 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0 
2004 4 0 0 0 0 2 1 1 0 0 0 0 0 0 0 0 1 0 2 0 0 0 0 0 176 3 0 0 0 0 2   
2004 5 14 7 6 0 3 0 0 0 0 0 1 0 0 0 0 0 0 2 5 0 0 0 0 2 2 2 6 0 1 0   
2004 6 0 0 0 4 2 0 0 0 0 4 0 0 0 0 10 8 4 4 8 12 1 0 0 0 0 9 4 0 1 0   
2004 7 11 0 0 0 3 7 6 7 0 0 0 3 2 0 0 0 3 1 0 0 -- 0 0 2 1 0 1 0 11 0 0 
2004 8 0 1 5 -- -- 5 1 0 2 2 1 0 0 5 2 0 0 0 0 0 0 2 2 0 0 0 1 0 0 7 15 
Table C9.1 Traralgon Rainfall Data Calendar 
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C10 Traralgon Rainfall Data 
C10.1 Traralgon Rainfall  
C10.1.1Summary of Rainfall Events 
Date Start Time End Time Duration 
Event Total 
(mm) ARI 
Daily Total 
(mm) 
22/03/2001 08:05:23 08:37:15 00:31:52 20.402 5 28.866 
23/03/2001 16:30:15 17:02:59 00:32:44 20.806 5 29.909 
10/06/2001 06:03:26 06:37:18 00:33:52 22.422 5 54.338 
1/08/2001 05:06:52 05:49:04 00:42:12 26.866 5 32.724 
6/11/2001 14:03:55 14:40:03 00:36:08 23.230 5 36.764 
14/12/2001 11:43:29 12:21:26 00:37:57 24.442 5 37.976 
23/03/2002 06:25:11 07:00:23 00:35:12 29.492 5 33.33 
18/04/2002 06:45:28 07:24:08 00:38:40 24.644 5 39.796 
26/04/2002 08:01:36 08:38:10 00:36:34 24.846 5 33.936 
6/10/2002 01:56:22 02:32:14 00:35:52 22.826 5 27.876 
6/12/2002 21:56:02 22:31:58 00:35:56 27.876 5 32.926 
2/03/2003 10:58:28 11:35:39 00:37:11 24.240 5 32.926 
12/04/2003 00:16:50 00:54:37 00:37:47 22.624 5 37.572 
24/07/2003 03:03:41 03:39:26 00:35:45 22.826 5 26.462 
16/10/2003 04:58:02 05:36:33 00:38:31 24.400 5 34.3 
31/10/2003 22:48:18 23:22:44 00:34:26 22.624 5 33.936 
31/01/2004 07:59:24 08:33:46 00:34:22 32.118 10 33.128 
23/04/2004 13:59:47 14:39:00 00:39:13 25.048 5 41.72 
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 C11 DWF Calculations Regression Analysis 
C11.1 LDP DWF 
C11.1.1 LDP Time Series 1 
Test   Polynomial regression     
        
Fit   Time (s)  v  ADWF (L/s)     
n  368       
R2  0.37      
Adjusted R2  0.36      
SE  2.3692      
Term  Coefficient SE p 99% CI of Coefficient  
Intercept  5.0339 1.0291 <0.0001 2.3690 to 7.6987  
Time (s)  -0.0022 0.0003 <0.0001 -0.0030 to -0.0013  
Time (s)^2  0.0000 0.0000 <0.0001 0.0000 to 0.0000  
Time (s)^3  0.0000 0.0000 <0.0001 0.0000 to -0.0000  
Time (s)^4  0.0000 0.0000 <0.0001 - to -  
Time (s)^5  0.0000 0.0000 <0.0001 - to -  
Time (s)^6  0.0000 0.0000 <0.0001 - to -  
Source of variation  SSq DF MSq F p  
Due to regression  1172.924 6 195.487 34.83 <0.0001  
About regression  2026.304 361 5.613    
Total  3199.228 367     
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y = 7E-27x6 - 2E-21x5 + 2E-16x4 - 1E-11x3 + 2E-07x2 - 
0.0022x + 5.0339
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C11.1.2 LDP Time Series 2s 
 
Test   Polynomial regression       
            
Fit   Time (s)  v  ADWF (L/s)       
n  300      
R2  0.40     
Adjusted R2  0.39     
SE  1.6929     
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  3.2669 0.7705 <0.0001 1.2693 to 5.2646 
Time (s)  -0.0012 0.0003 <0.0001 -0.0018 to -0.0005 
Time (s)^2  0.0000 0.0000 <0.0001 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 <0.0001 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 0.0001 - to - 
Time (s)^5  0.0000 0.0000 0.0011 - to - 
Time (s)^6  0.0000 0.0000 0.0075 - to - 
Source of variation  SSq DF MSq F p 
Due to regression  562.192 6 93.699 32.69 <0.0001 
About regression  839.744 293 2.866   
Total  1401.936 299    
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y = 2E-27x6 - 7E-22x5 + 9E-17x4 - 5E-12x3 + 1E-07x2 - 
0.0012x + 3.2669
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C11.1.3 LDP Time Series 3 
Test   Polynomial regression       
Fit   Time (s)  v  ADWF (L/s)       
n  414      
R2  0.19     
Adjusted R2  0.18     
SE  2.3486     
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  3.0838 1.0089 0.0024 0.4728 to 5.6947 
Time (s)  -0.0010 0.0003 0.0021 -0.0019 to -0.0002 
Time (s)^2  0.0000 0.0000 0.0019 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 0.0078 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 0.0316 - to - 
Time (s)^5  0.0000 0.0000 0.0974 - to - 
Time (s)^6  0.0000 0.0000 0.2308 - to - 
Source of variation  SSq DF MSq F p 
Due to regression  527.722 6 87.954 15.95 <0.0001 
About regression  2244.976 407 5.516   
Total  2772.698 413    
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y = 1E-27x6 - 5E-22x5 + 6E-17x4 - 4E-12x3 + 1E-07x2 - 
0.001x + 3.0838
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C11.1.3 LDP Time Series 4  
 
Test   Polynomial regression    
Fit   Time (s)  v  ADWF (L/s)    
n  276      
R2  0.38     
Adjusted R2  0.37     
SE  2.3558     
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  6.3086 1.2475 <0.0001 3.0724 to 9.5448 
Time (s)  -0.0028 0.0004 <0.0001 -0.0039 to -0.0017 
Time (s)^2  0.0000 0.0000 <0.0001 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 <0.0001 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 <0.0001 - to - 
Time (s)^5  0.0000 0.0000 <0.0001 - to - 
Time (s)^6  0.0000 0.0000 <0.0001 - to - 
Source of variation  SSq DF MSq F p 
Due to regression  932.225 6 155.371 28.00 <0.0001 
About regression  1492.901 269 5.550   
Total  2425.126 275    
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y = 1E-26x6 - 3E-21x5 + 3E-16x4 - 1E-11x3 + 3E-07x2 - 
0.0028x + 6.3086
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C11.1.4 LDP Time Series 5 
 
Test   Polynomial regression    
Fit   Time (s)  v  ADWF (L/s)    
n  207      
R2  0.50     
Adjusted R2  0.49     
SE  1.5459     
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  10.0835 1.4348 <0.0001 6.3521 to 13.8148 
Time (s)  -0.0034 0.0004 <0.0001 -0.0045 to -0.0023 
Time (s)^2  0.0000 0.0000 <0.0001 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 <0.0001 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 <0.0001 - to - 
Time (s)^5  0.0000 0.0000 <0.0001 - to - 
Time (s)^6  0.0000 0.0000 <0.0001 - to - 
Source of variation  SSq DF MSq F p 
Due to regression  482.399 6 80.400 33.64 <0.0001 
About regression  477.941 200 2.390   
Total  960.340 206    
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y = 9E-27x6 - 3E-21x5 + 3E-16x4 - 1E-11x3 + 3E-07x2 - 
0.0034x + 10.083
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C11.1.5 LDP Time Series 5 
 
Test   Polynomial regression         
Fit   Time (s)  v  ADWF (L/s)         
n  184       
R2  0.44      
Adjusted R2  0.42      
SE  1.6514      
Term  Coefficient SE p 99% CI of Coefficient  
Intercept  4.5343 1.0321 <0.0001 1.8469 to 7.2217  
Time (s)  -0.0018 0.0004 <0.0001 -0.0028 to -0.0009  
Time (s)^2  0.0000 0.0000 <0.0001 0.0000 to 0.0000  
Time (s)^3  0.0000 0.0000 <0.0001 0.0000 to -0.0000  
Time (s)^4  0.0000 0.0000 <0.0001 - to -  
Time (s)^5  0.0000 0.0000 <0.0001 - to -  
Time (s)^6  0.0000 0.0000 <0.0001 - to -  
Source of variation  SSq DF MSq F p  
Due to regression  375.947 6 62.658 22.97 <0.0001  
About regression  482.723 177 2.727    
Total  858.671 183     
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y = 5E-27x6 - 2E-21x5 + 2E-16x4 - 8E-12x3 + 2E-07x2 - 
0.0018x + 4.5343
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C11.1.6 LDP Time Series 6 
 
Test   Polynomial regression       
Fit   Time (s)  v  ADWF (L/s)       
n  162      
R2  0.41     
Adjusted R2  0.38     
SE  1.7105     
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  3.1007 1.1357 0.0071 0.1390 to 6.0624 
Time (s)  -0.0009 0.0004 0.0118 -0.0019 to 0.0000 
Time (s)^2  0.0000 0.0000 0.0121 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 0.0458 0.0000 to 0.0000 
Time (s)^4  0.0000 0.0000 0.1524 - to - 
Time (s)^5  0.0000 0.0000 0.3708 - to - 
Time (s)^6  0.0000 0.0000 0.6883 - to - 
Source of variation  SSq DF MSq F p 
Due to regression  311.761 6 51.960 17.76 <0.0001 
About regression  453.484 155 2.926   
Total  765.245 161    
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y = 5E-28x6 - 3E-22x5 + 5E-17x4 - 3E-12x3 + 9E-08x2 - 
0.0009x + 3.1007
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C11.1.7 LDP Time Series 7 
 185  
y = 2E-28x6 - 2E-22x5 + 4E-17x4 - 3E-12x3 + 9E-08x2 - 
0.0009x + 3.1559
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C11.1.8 LDP Time Series 8 
Test   Polynomial regression       
            
Fit   Time (s)  v  ADWF (L/s)       
            
            
n  115      
      
R2  0.43     
Adjusted R2  0.40     
SE  1.6876     
      
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  6.0294 1.7034 0.0006 1.5628 to 10.4960 
Time (s)  -0.0021 0.0005 <0.0001 -0.0035 to -0.0007 
Time (s)^2  0.0000 0.0000 <0.0001 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 <0.0001 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 <0.0001 - to - 
Time (s)^5  0.0000 0.0000 0.0001 - to - 
Time (s)^6  0.0000 0.0000 0.0004 - to - 
      
Source of variation  SSq DF MSq F p 
Due to regression  233.733 6 38.956 13.68 <0.0001 
About regression  307.571 108 2.848   
Total  541.305 114    
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y = 5E-27x6 - 2E-21x5 + 2E-16x4 - 9E-12x3 + 2E-07x2 - 
0.0021x + 6.0294
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C11.1.9 LDP Time Series 9 
 
Test   Polynomial regression    
       
Fit   Time (s)  v  ADWF (L/s)    
      
      
n  112      
      
R2  0.41     
Adjusted R2  0.38     
SE  1.7240     
      
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  4.6599 1.5984 0.0043 0.4666 to 8.8532 
Time (s)  -0.0016 0.0005 0.0011 -0.0029 to -0.0004 
Time (s)^2  0.0000 0.0000 0.0003 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 0.0006 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 0.0018 - to - 
Time (s)^5  0.0000 0.0000 0.0053 - to - 
Time (s)^6  0.0000 0.0000 0.0142 - to - 
      
Source of variation  SSq DF MSq F p 
Due to regression  215.889 6 35.982 12.11 <0.0001 
About regression  312.071 105 2.972   
Total  527.961 111    
 
18
9 
 
y 
=
 
4E
-
27
x
6  
-
 
1E
-
21
x
5  
+
 
1E
-
16
x
4  
-
 
7E
-
12
x
3  
+
 
2E
-
07
x
2  
-
 
0.
00
16
x
 
+
 
4.
65
99
-
6
-
4
-
2024681012
0
20
00
0
40
00
0
60
00
0
80
00
0
Ti
m
e
 
(s)
ADWF (L/s)
-
2
-
1.
5
-
1
-
0.
50
0.
51
1.
52
0
20
00
0
40
00
0
60
00
0
80
00
0
Ti
m
e
 
(s
)
Standardized residuals
 
02040
 190  
C11.2PSP DWF 
C11.2.1 PSP Time Series 1 
 
Test   Polynomial regression       
Fit   Time (s)  v  ADWF (L/s)       
n  552      
      
R2  0.65     
Adjusted R2  0.65     
SE  16.5961     
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  40.7960 7.0880 <0.0001 22.4744 to 59.1176 
Time (s)  -0.0068 0.0022 0.0021 -0.0126 to -0.0011 
Time (s)^2  0.0000 0.0000 0.0223 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 0.3542 0.0000 to 0.0000 
Time (s)^4  0.0000 0.0000 0.7492 - to - 
Time (s)^5  0.0000 0.0000 0.1517 - to - 
Time (s)^6  0.0000 0.0000 0.0148 - to - 
Source of variation  SSq DF MSq F p 
Due to regression  283651.949 6 47275.325 171.64 <0.0001 
About regression  150110.185 545 275.432   
Total  433762.134 551    
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y = -2E-26x6 + 3E-21x5 - 6E-17x4 - 8E-12x3 + 5E-07x2 - 
0.0068x + 40.796
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Cll.2.2 PSP Time Series 2 
 
Test   Polynomial regression       
            
Fit   Time (s)  v  ADWF (L/s)       
            
            
n  277      
      
R2  0.73     
Adjusted R2  0.72     
SE  14.8345     
      
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  48.6833 10.1833 <0.0001 22.2662 to 75.1005 
Time (s)  -0.0098 0.0031 0.0018 -0.0178 to -0.0017 
Time (s)^2  0.0000 0.0000 0.0110 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 0.1447 0.0000 to 0.0000 
Time (s)^4  0.0000 0.0000 0.6867 - to - 
Time (s)^5  0.0000 0.0000 0.5600 - to - 
Time (s)^6  0.0000 0.0000 0.1328 - to - 
Source of variation  SSq DF MSq F p 
Due to regression  158394.336 6 26399.056 119.96 <0.0001 
About regression  59417.137 270 220.063   
Total  217811.473 276    
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y = -1E-26x6 + 1E-21x5 + 1E-16x4 - 2E-11x3 + 7E-07x2 - 
0.0098x + 48.683
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C11.2.3 PSP Time Series 3 
 
Test   Polynomial regression       
            
Fit   Time (s)  v  ADWF (L/s)       
            
            
n  277      
      
R2  0.65     
Adjusted R2  0.64     
SE  16.9095     
      
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  58.4725 12.3041 <0.0001 26.5536 to 90.3914 
Time (s)  -0.0184 0.0034 <0.0001 -0.0273 to -0.0095 
Time (s)^2  0.0000 0.0000 <0.0001 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 <0.0001 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 <0.0001 - to - 
Time (s)^5  0.0000 0.0000 <0.0001 - to - 
Time (s)^6  0.0000 0.0000 <0.0001 - to - 
Source of variation  SSq DF MSq F p 
Due to regression  140927.411 6 23487.902 82.15 <0.0001 
About regression  77201.254 270 285.931   
Total  218128.665 276    
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y = 7E-26x6 - 2E-20x5 + 2E-15x4 - 9E-11x3 + 2E-06x2 - 
0.0184x + 58.473
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Cll.2.4 PSP Time Series 4 
 
Test   Polynomial regression    
       
Fit   Time (s)  v  ADWF (L/s)    
      
      
n  277      
      
R2  0.73     
Adjusted R2  0.72     
SE  14.8345     
      
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  48.6833 10.1833 <0.0001 22.2662 to 75.1005 
Time (s)  -0.0098 0.0031 0.0018 -0.0178 to -0.0017 
Time (s)^2  0.0000 0.0000 0.0110 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 0.1447 0.0000 to 0.0000 
Time (s)^4  0.0000 0.0000 0.6867 - to - 
Time (s)^5  0.0000 0.0000 0.5600 - to - 
Time (s)^6  0.0000 0.0000 0.1328 - to - 
      
Source of variation  SSq DF MSq F p 
Due to regression  158394.336 6 26399.056 119.96 <0.0001 
About regression  59417.137 270 220.063   
Total  217811.473 276    
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y = -1E-26x6 + 1E-21x5 + 1E-16x4 - 2E-11x3 + 7E-07x2 - 
0.0098x + 48.683
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C11.2.5 PSP Time Series 5 
 
Test   Polynomial regression       
            
Fit   Time (s)  v  ADWF (L/s)       
            
            
n  222      
      
R2  0.69     
Adjusted R2  0.68     
SE  15.9302     
      
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  43.5589 9.3461 <0.0001 19.2694 to 67.8484 
Time (s)  -0.0118 0.0031 0.0002 -0.0198 to -0.0038 
Time (s)^2  0.0000 0.0000 0.0002 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 0.0016 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 0.0134 - to - 
Time (s)^5  0.0000 0.0000 0.0743 - to - 
Time (s)^6  0.0000 0.0000 0.2689 - to - 
Source of variation  SSq DF MSq F p 
Due to regression  120037.036 6 20006.173 78.84 <0.0001 
About regression  54560.906 215 253.772   
Total  174597.942 221    
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y = 1E-26x6 - 5E-21x5 + 7E-16x4 - 4E-11x3 + 1E-06x2 - 
0.0118x + 43.559
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C11.2.6 PSP Time Series 6 
 
          
  
Test   Polynomial regression       
            
Fit   Time (s)  v  ADWF (L/s)       
            
            
      
n  249      
      
R2  0.72     
Adjusted R2  0.71     
SE  15.0467     
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  45.9772 9.8222 <0.0001 20.4758 to 71.4785 
Time (s)  -0.0100 0.0030 0.0011 -0.0179 to -0.0021 
Time (s)^2  0.0000 0.0000 0.0043 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 0.0584 0.0000 to 0.0000 
Time (s)^4  0.0000 0.0000 0.3486 - to - 
Time (s)^5  0.0000 0.0000 0.9731 - to - 
Time (s)^6  0.0000 0.0000 0.4137 - to - 
      
Source of variation  SSq DF MSq F p 
Due to regression  139339.327 6 23223.221 102.57 <0.0001 
About regression  54789.490 242 226.403   
Total  194128.817 248    
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y = -7E-27x6 - 8E-23x5 + 2E-16x4 - 2E-11x3 + 8E-07x2 - 
0.01x + 45.977
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C11.2.7 PSP Time Series 7 
 
 
      
Test   Polynomial regression    
       
Fit   Time (s)  v  ADWF (L/s)    
n  166      
      
R2  0.71     
Adjusted R2  0.70     
SE  15.3004     
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  46.3273 12.0813 0.0002 14.8301 to 77.8246 
Time (s)  -0.0102 0.0038 0.0075 -0.0200 to -0.0004 
Time (s)^2  0.0000 0.0000 0.0195 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 0.1193 0.0000 to 0.0000 
Time (s)^4  0.0000 0.0000 0.4302 - to - 
Time (s)^5  0.0000 0.0000 0.9486 - to - 
Time (s)^6  0.0000 0.0000 0.5377 - to - 
      
Source of variation  SSq DF MSq F p 
Due to regression  92901.442 6 15483.574 66.14 <0.0001 
About regression  37222.377 159 234.103   
Total  130123.819 165    
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y = -7E-27x6 - 2E-22x5 + 2E-16x4 - 2E-11x3 + 8E-07x2 - 
0.0102x + 46.327
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C11.2.8 PSP Time Series 8 
 
Test   Polynomial regression       
            
Fit   Time (s)  v  ADWF (L/s)       
            
            
n  83      
      
R2  0.71     
Adjusted R2  0.69     
SE  15.6624     
      
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  45.8370 15.8091 0.0049 4.0682 to 87.6058 
Time (s)  -0.0144 0.0049 0.0046 -0.0275 to -0.0014 
Time (s)^2  0.0000 0.0000 0.0023 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 0.0055 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 0.0150 - to - 
Time (s)^5  0.0000 0.0000 0.0393 - to - 
Time (s)^6  0.0000 0.0000 0.0946 - to - 
      
Source of variation  SSq DF MSq F p 
Due to regression  46595.910 6 7765.985 31.66 <0.0001 
About regression  18643.520 76 245.309   
Total  65239.430 82    
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C11.2.9 PSP Time Series 9 
 
Test   Polynomial regression       
Fit   Time (s)  v  ADWF (L/s)       
n  139      
      
R2  0.72     
Adjusted R2  0.71     
SE  15.2285     
Term  Coefficient SE p 
99% CI of 
Coefficient  
Intercept  61.3395 13.7668 <0.0001 25.3587   
Time (s)  -0.0192 0.0042 <0.0001 -0.0302 to 97.3203 
Time (s)^2  0.0000 0.0000 <0.0001 0.0000 to -0.0081 
Time (s)^3  0.0000 0.0000 <0.0001 0.0000 to 0.0000 
Time (s)^4  0.0000 0.0000 <0.0001 - to -0.0000 
Time (s)^5  0.0000 0.0000 0.0003 - to - 
Time (s)^6  0.0000 0.0000 0.0018 - to - 
Source of variation  SSq DF MSq F  
Due to regression  78636.798 6 13106.133 56.51 p 
About regression  30611.922 132 231.908  <0.0001 
Total  109248.720 138    
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y = 4E-26x6 - 1E-20x5 + 1E-15x4 - 8E-11x3 + 2E-06x2 - 
0.0192x + 61.34
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C11.2.10 PSP Time Series 10 
 
Test   Polynomial regression    
       
Fit   Time (s)  v  ADWF (L/s)    
      
      
      
n  140      
      
R2  0.76     
Adjusted R2  0.75     
SE  14.2348     
      
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  30.7411 10.1500 0.0030 4.2162 to 57.2661 
Time (s)  0.0012 0.0035 0.7360 -0.0079 to 0.0102 
Time (s)^2  0.0000 0.0000 0.0924 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 0.0034 0.0000 to 0.0000 
Time (s)^4  0.0000 0.0000 0.0001 - to - 
Time (s)^5  0.0000 0.0000 <0.0001 - to - 
Time (s)^6  0.0000 0.0000 <0.0001 - to - 
Source of variation  SSq DF MSq F p 
Due to regression  83515.748 6 13919.291 68.69 <0.0001 
About regression  26949.696 133 202.629   
Total  110465.444 139    
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y = -6E-26x6 + 1E-20x5 - 1E-15x4 + 4E-11x3 - 6E-07x2 
+ 0.0012x + 30.741
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C11.2.11 PSP Time Series 11 
 
Test   Polynomial regression         
              
Fit   Time (s)  v  ADWF (L/s)         
              
              
       
n  139       
       
R2  0.72      
Adjusted R2  0.70      
SE  15.3603      
Term  Coefficient SE p 99% CI of Coefficient  
Intercept  63.3250 15.0369 <0.0001 24.0247 to 102.6254  
Time (s)  -0.0188 0.0046 <0.0001 -0.0307 to -0.0069  
Time (s)^2  0.0000 0.0000 <0.0001 0.0000 to 0.0000  
Time (s)^3  0.0000 0.0000 0.0001 0.0000 to -0.0000  
Time (s)^4  0.0000 0.0000 0.0007 - to -  
Time (s)^5  0.0000 0.0000 0.0033 - to -  
Time (s)^6  0.0000 0.0000 0.0145 - to -  
Source of variation  SSq DF MSq F p  
Due to regression  78716.015 6 13119.336 55.60 <0.0001  
About regression  31144.055 132 235.940    
Total  109860.071 138     
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y = 3E-26x6 - 1E-20x5 + 1E-15x4 - 7E-11x3 + 2E-06x2 - 
0.0188x + 63.325
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C11.3 DSP DWF 
C11.3.1 Time Series 1 
 
Test 
 Polynomial regression    
 
  
    
Fit 
 Time (s)  v  ADWF (L/s)    
n 616      
R2  0.60     
Adjusted R2  0.59     
SE 1.7768     
      
Term Coefficient SE p 99% CI of Coefficient 
Intercept  19.1356 2.1698 <0.0001 13.5290 to 24.7421 
Time (s)  -0.0053 0.0006 <0.0001 -0.0069 to -0.0037 
Time (s)^2  0.0000 0.0000 <0.0001 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 <0.0001 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 <0.0001 - to - 
Time (s)^5  0.0000 0.0000 0.0035 - to - 
Time (s)^6  0.0000 0.0000 0.1791 - to - 
Source of variation SSq DF MSq F p 
Due to regression 2854.247 6 475.708 150.68 <0.0001 
About regression 1922.710 609 3.157   
Total 4776.957 615    
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y = 2E-27x6 - 1E-21x5 + 2E-16x4 - 1E-11x3 + 4E-07x2 - 
0.0053x + 19.136
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C11.3.2 BSP Time Series 2 
 
Test 
 Polynomial regression    
Fit 
 Time (s)  v  ADWF (L/s)    
n 220      
 
     
R2  0.58     
Adjusted R2  0.57     
SE 1.8325     
      
Term Coefficient SE p 99% CI of Coefficient 
Intercept  15.3298 3.0671 <0.0001 7.3580 to 23.3016 
Time (s)  -0.0046 0.0009 <0.0001 -0.0069 to -0.0022 
Time (s)^2  0.0000 0.0000 <0.0001 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 0.0003 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 0.0089 - to - 
Time (s)^5  0.0000 0.0000 0.1035 - to - 
Time (s)^6  0.0000 0.0000 0.4864 - to - 
      
Source of variation SSq DF MSq F p 
Due to regression 991.932 6 165.322 49.23 <0.0001 
About regression 715.257 213 3.358   
Total 1707.189 219    
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y = 2E-27x6 - 1E-21x5 + 2E-16x4 - 1E-11x3 + 4E-07x2 - 
0.0046x + 15.33
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C11.3.3 BSP Time Series 3 
 
          
    
Test   Polynomial regression         
  
  
          
Fit  
 Time (s)  v  ADWF (L/s)         
  
  
      
  
  
              
       
n  198 
  
    
 
      
R2  0.58      
Adjusted R2  0.57      
SE  1.8322      
Term  Coefficient SE p 99% CI of Coefficient 
 
Intercept  24.9669 4.9635 <0.0001 12.0527 to 37.8810  
Time (s)  -0.0063 0.0013 <0.0001 -0.0096 to -0.0029  
Time (s)^2  0.0000 0.0000 <0.0001 0.0000 to 0.0000  
Time (s)^3  0.0000 0.0000 0.0003 0.0000 to -0.0000  
Time (s)^4  0.0000 0.0000 0.0056 - to -  
Time (s)^5  0.0000 0.0000 0.0583 - to -  
Time (s)^6  0.0000 0.0000 0.2923 - to -  
       
Source of variation  SSq DF MSq F p 
 
Due to regression  895.282 6 149.214 44.45 <0.0001  
About regression  641.202 191 3.357    
Total  1536.484 197     
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y = 3E-27x6 - 1E-21x5 + 2E-16x4 - 2E-11x3 + 5E-07x2 - 
0.0063x + 24.967
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C11.3.4 BSP Time Series 4 
 
Test 
 Polynomial regression    
 
  
    
Fit 
 Time (s)  v  ADWF (L/s)    
 
 
   
 
      
n 132      
 
     
R2  0.57     
Adjusted R2  0.55     
SE 1.8737     
      
Term Coefficient SE p 99% CI of Coefficient 
Intercept  24.0372 5.9673 <0.0001 8.4283 to 39.6462 
Time (s)  -0.0060 0.0015 0.0001 -0.0100 to -0.0020 
Time (s)^2  0.0000 0.0000 0.0004 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 0.0032 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 0.0241 - to - 
Time (s)^5  0.0000 0.0000 0.1216 - to - 
Time (s)^6  0.0000 0.0000 0.3838 - to - 
      
Source of variation SSq DF MSq F p 
Due to regression 584.242 6 97.374 27.73 <0.0001 
About regression 438.863 125 3.511   
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y = 3E-27x6 - 1E-21x5 + 2E-16x4 - 1E-11x3 + 5E-07x2 - 
0.006x + 24.037
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C11.3.5 BSP Time Series 5 
 
Test   Polynomial regression       
  
  
        
Fit  
 Time (s)  v  ADWF (L/s)       
  
  
      
  
            
      
n  132 
  
   
 
     
R2  0.60     
Adjusted R2  0.58     
SE  1.8172     
      
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  21.0232 5.2521 0.0001 7.2852 to 34.7612 
Time (s)  -0.0055 0.0014 0.0001 -0.0092 to -0.0018 
Time (s)^2  0.0000 0.0000 0.0005 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 0.0047 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 0.0371 - to - 
Time (s)^5  0.0000 0.0000 0.1809 - to - 
Time (s)^6  0.0000 0.0000 0.5297 - to - 
      
Source of variation  SSq DF MSq F p 
Due to regression  612.178 6 102.030 30.90 <0.0001 
About regression  412.778 125 3.302   
Total  1024.956 131    
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y = 2E-27x6 - 1E-21x5 + 2E-16x4 - 1E-11x3 + 4E-07x2 - 
0.0055x + 21.023
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C11.3.6 BSP Time Series 6 
          
  
Test   Polynomial regression       
  
  
        
Fit  
 Time (s)  v  ADWF (L/s)       
  
  
      
  
            
      
n  132 
  
   
 
     
R2  0.63     
Adjusted R2  0.61     
SE  1.7517     
      
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  17.1747 3.9194 <0.0001 6.9227 to 27.4268 
Time (s)  -0.0054 0.0012 <0.0001 -0.0086 to -0.0021 
Time (s)^2  0.0000 0.0000 0.0001 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 0.0013 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 0.0140 - to - 
Time (s)^5  0.0000 0.0000 0.0898 - to - 
Time (s)^6  0.0000 0.0000 0.3311 - to - 
      
Source of variation  SSq DF MSq F p 
Due to regression  641.382 6 106.897 34.84 <0.0001 
About regression  383.570 125 3.069   
Total  1024.952 131    
 
 223  
y = 4E-27x6 - 2E-21x5 + 3E-16x4 - 2E-11x3 + 5E-07x2 - 
0.0054x + 17.175
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C11.3.7 BSP Time Series 7 
 
Test   Polynomial regression       
  
  
        
Fit  
 Time (s)  v  ADWF (L/s)       
  
  
      
  
            
      
n  110 
  
   
 
     
R2  0.61     
Adjusted R2  0.59     
SE  1.8025     
      
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  26.6682 7.0709 0.0003 8.1114 to 45.2250 
Time (s)  -0.0066 0.0018 0.0004 -0.0113 to -0.0019 
Time (s)^2  0.0000 0.0000 0.0012 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 0.0077 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 0.0444 - to - 
Time (s)^5  0.0000 0.0000 0.1781 - to - 
Time (s)^6  0.0000 0.0000 0.4761 - to - 
      
Source of variation  SSq DF MSq F p 
Due to regression  518.963 6 86.494 26.62 <0.0001 
About regression  334.645 103 3.249   
Total  853.608 109    
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y = 3E-27x6 - 1E-21x5 + 2E-16x4 - 2E-11x3 + 5E-07x2 - 
0.0066x + 26.668
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C11.3.8 BSP Time Series 8 
 
          
  
Test   Polynomial regression       
  
  
        
Fit  
 Time (s)  v  ADWF (L/s)       
  
  
      
  
            
n  110 
  
   
 
     
R2  0.61     
Adjusted R2  0.59     
SE  1.7921     
      
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  21.8456 6.0936 0.0005 5.8535 to 37.8377 
Time (s)  -0.0057 0.0016 0.0008 -0.0100 to -0.0014 
Time (s)^2  0.0000 0.0000 0.0024 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 0.0148 0.0000 to 0.0000 
Time (s)^4  0.0000 0.0000 0.0799 - to - 
Time (s)^5  0.0000 0.0000 0.2885 - to - 
Time (s)^6  0.0000 0.0000 0.6830 - to - 
      
Source of variation  SSq DF MSq F p 
Due to regression  522.711 6 87.118 27.13 <0.0001 
About regression  330.795 103 3.212   
Total  853.506 109    
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y = 2E-27x6 - 1E-21x5 + 2E-16x4 - 1E-11x3 + 4E-07x2 - 
0.0057x + 21.846
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C11.3.9 BSP Time Series 9 
 
Test 
 Polynomial regression    
 
  
    
Fit 
 Time (s)  v  ADWF (L/s)    
 
 
   
 
      
      
n 110      
 
     
R2  0.59     
Adjusted R2  0.57     
SE 1.8397     
Term Coefficient SE p 99% CI of Coefficient 
Intercept  20.9016 5.7225 0.0004 5.8834 to 35.9199 
Time (s)  -0.0056 0.0016 0.0005 -0.0097 to -0.0015 
Time (s)^2  0.0000 0.0000 0.0014 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 0.0088 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 0.0498 - to - 
Time (s)^5  0.0000 0.0000 0.1948 - to - 
Time (s)^6  0.0000 0.0000 0.5069 - to - 
      
Source of variation SSq DF MSq F p 
Due to regression 504.962 6 84.160 24.87 <0.0001 
About regression 348.603 103 3.384   
Total 853.564 109    
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y = 3E-27x6 - 1E-21x5 + 2E-16x4 - 1E-11x3 + 4E-07x2 - 
0.0056x + 20.902
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C11.3.10 BSP Time Series 10 
 
Test   Polynomial regression       
  
  
        
Fit  
 Time (s)  v  ADWF (L/s)       
  
  
      
  
            
      
n  110 
  
   
 
     
R2  0.61     
Adjusted R2  0.59     
SE  1.7943     
      
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  27.9717 7.2576 0.0002 8.9247 to 47.0186 
Time (s)  -0.0069 0.0019 0.0003 -0.0118 to -0.0021 
Time (s)^2  0.0000 0.0000 0.0010 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 0.0062 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 0.0367 - to - 
Time (s)^5  0.0000 0.0000 0.1521 - to - 
Time (s)^6  0.0000 0.0000 0.4215 - to - 
      
Source of variation  SSq DF MSq F p 
Due to regression  521.907 6 86.984 27.02 <0.0001 
About regression  331.610 103 3.220   
Total  853.517 109    
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y = 3E-27x6 - 2E-21x5 + 2E-16x4 - 2E-11x3 + 5E-07x2 - 
0.0069x + 27.972
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C11.4 MRW Dry Weather Data 
C11.4.1 Time Series 1 
 
Test   Polynomial regression       
  
  
        
Fit  
 Time (s)  v  ADWF (L/s)       
  
  
      
  
            
n  368 
  
   
 
     
R2  0.37     
Adjusted R2  0.36     
SE  2.3692     
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  5.0339 1.0291 <0.0001 2.3690 to 7.6987 
Time (s)  -0.0022 0.0003 <0.0001 -0.0030 to -0.0013 
Time (s)^2  0.0000 0.0000 <0.0001 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 <0.0001 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 <0.0001 - to - 
Time (s)^5  0.0000 0.0000 <0.0001 - to - 
Time (s)^6  0.0000 0.0000 <0.0001 - to - 
      
Source of variation  SSq DF MSq F p 
Due to regression  1172.924 6 195.487 34.83 <0.0001 
About regression  2026.304 361 5.613   
Total  3199.228 367    
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y = 7E-27x6 - 2E-21x5 + 2E-16x4 - 1E-11x3 + 2E-07x2 - 
0.0022x + 5.0339
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C11.4.2 MRW Time Series 2 
 
     
 
Test 
 Polynomial regression    
 
  
    
Fit 
 Time (s)  v  ADWF (L/s)    
 
 
   
 
      
      
n 322      
 
     
R2  0.39     
Adjusted R2  0.38     
SE 2.3391     
Term Coefficient SE p 99% CI of Coefficient 
Intercept  8.7638 1.4901 <0.0001 4.9021 to 12.6255 
Time (s)  -0.0032 0.0004 <0.0001 -0.0043 to -0.0020 
Time (s)^2  0.0000 0.0000 <0.0001 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 <0.0001 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 <0.0001 - to - 
Time (s)^5  0.0000 0.0000 <0.0001 - to - 
Time (s)^6  0.0000 0.0000 <0.0001 - to - 
      
Source of variation SSq DF MSq F p 
Due to regression 1102.918 6 183.820 33.60 <0.0001 
About regression 1723.454 315 5.471   
Total 2826.372 321    
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y = 9E-27x6 - 3E-21x5 + 3E-16x4 - 1E-11x3 + 3E-07x2 - 
0.0032x + 8.7638
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C11.4.3 MRW Time Series 3 
 
Test 
 Polynomial regression    
 
  
    
Fit 
 Time (s)  v  ADWF (L/s)    
 
 
   
 
      
      
n 322      
 
     
R2  0.39     
Adjusted R2  0.38     
SE 2.3391     
Term Coefficient SE p 99% CI of Coefficient 
Intercept  8.7638 1.4901 <0.0001 4.9021 to 12.6255 
Time (s)  -0.0032 0.0004 <0.0001 -0.0043 to -0.0020 
Time (s)^2  0.0000 0.0000 <0.0001 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 <0.0001 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 <0.0001 - to - 
Time (s)^5  0.0000 0.0000 <0.0001 - to - 
Time (s)^6  0.0000 0.0000 <0.0001 - to - 
Source of variation SSq DF MSq F p 
Due to regression 1102.9 6 183.8 33.60 <0.0001 
About regression 1723.5 315 5.5   
Total 2826.4 321    
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y = 9E-27x6 - 3E-21x5 + 3E-16x4 - 1E-11x3 + 3E-07x2 - 
0.0032x + 8.7638
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C11.4.4 MRW Time Series 4 
 
Test 
 Polynomial regression    
 
  
    
Fit 
 Time (s)  v  ADWF (L/s)    
 
 
   
 
      
      
n 322      
 
     
R2  0.39     
Adjusted R2  0.38     
SE 2.3391     
Term Coefficient SE p 99% CI of Coefficient 
Intercept  8.7638 1.4901 <0.0001 4.9021 to 12.6255 
Time (s)  -0.0032 0.0004 <0.0001 -0.0043 to -0.0020 
Time (s)^2  0.0000 0.0000 <0.0001 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 <0.0001 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 <0.0001 - to - 
Time (s)^5  0.0000 0.0000 <0.0001 - to - 
Time (s)^6  0.0000 0.0000 <0.0001 - to - 
Source of variation SSq DF MSq F p 
Due to regression 1102.918 6 183.820 33.60 <0.0001 
About regression 1723.454 315 5.471   
Total 2826.372 321    
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y = 9E-27x6 - 3E-21x5 + 3E-16x4 - 1E-11x3 + 3E-07x2 - 
0.0032x + 8.7638
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C11.4.5 MRW Time Series 5 
 
Test   Polynomial regression       
  
  
        
Fit  
 Time (s)  v  ADWF (L/s)       
  
  
      
  
            
      
n  322 
  
   
 
     
R2  0.39     
Adjusted R2  0.38     
SE  2.3391     
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  8.7638 1.4901 <0.0001 4.9021 to 12.6255 
Time (s)  -0.0032 0.0004 <0.0001 -0.0043 to -0.0020 
Time (s)^2  0.0000 0.0000 <0.0001 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 <0.0001 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 <0.0001 - to - 
Time (s)^5  0.0000 0.0000 <0.0001 - to - 
Time (s)^6  0.0000 0.0000 <0.0001 - to - 
      
Source of variation  SSq DF MSq F p 
Due to regression  1102.918 6 183.820 33.60 <0.0001 
About regression  1723.454 315 5.471   
Total  2826.372 321    
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y = 9E-27x6 - 3E-21x5 + 3E-16x4 - 1E-11x3 + 3E-07x2 - 
0.0032x + 8.7638
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C11.4.6 MRW Time Series 6 
 
Test 
 Polynomial regression    
 
  
    
Fit 
 Time (s)  v  ADWF (L/s)    
 
 
   
 
      
n 322      
 
     
R2  0.39     
Adjusted R2  0.38     
SE 2.3391     
      
Term Coefficient SE p 99% CI of Coefficient 
Intercept  8.7638 1.4901 <0.0001 4.9021 to 12.6255 
Time (s)  -0.0032 0.0004 <0.0001 -0.0043 to -0.0020 
Time (s)^2  0.0000 0.0000 <0.0001 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 <0.0001 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 <0.0001 - to - 
Time (s)^5  0.0000 0.0000 <0.0001 - to - 
Time (s)^6  0.0000 0.0000 <0.0001 - to - 
      
Source of variation SSq DF MSq F p 
Due to regression 1102.918 6 183.820 33.60 <0.0001 
About regression 1723.454 315 5.471   
Total 2826.372 321    
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y = 9E-27x6 - 3E-21x5 + 3E-16x4 - 1E-11x3 + 3E-07x2 - 
0.0032x + 8.7638
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C11.4.7 MRW Time Series 7 
 
Test 
 Polynomial regression    
 
  
    
Fit 
 Time (s)  v  ADWF (L/s)    
 
 
   
 
      
n 322      
 
     
R2  0.39     
Adjusted R2  0.38     
SE 2.3391     
      
Term Coefficient SE p 99% CI of Coefficient 
Intercept  8.7638 1.4901 <0.0001 4.9021 to 12.6255 
Time (s)  -0.0032 0.0004 <0.0001 -0.0043 to -0.0020 
Time (s)^2  0.0000 0.0000 <0.0001 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 <0.0001 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 <0.0001 - to - 
Time (s)^5  0.0000 0.0000 <0.0001 - to - 
Time (s)^6  0.0000 0.0000 <0.0001 - to - 
      
Source of variation SSq DF MSq F p 
Due to regression 1102.918 6 183.820 33.60 <0.0001 
About regression 1723.454 315 5.471   
Total 2826.372 321    
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y = 9E-27x6 - 3E-21x5 + 3E-16x4 - 1E-11x3 + 3E-07x2 - 
0.0032x + 8.7638
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C11.4.8 MRW Time Series 8 
 
Test 
 Polynomial regression    
 
  
    
Fit 
 Time (s)  v  ADWF (L/s)    
 
 
   
 
      
n 322      
 
     
R2  0.39     
Adjusted R2  0.38     
SE 2.3391     
      
Term Coefficient SE p 99% CI of Coefficient 
Intercept  8.7638 1.4901 <0.0001 4.9021 to 12.6255 
Time (s)  -0.0032 0.0004 <0.0001 -0.0043 to -0.0020 
Time (s)^2  0.0000 0.0000 <0.0001 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 <0.0001 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 <0.0001 - to - 
Time (s)^5  0.0000 0.0000 <0.0001 - to - 
Time (s)^6  0.0000 0.0000 <0.0001 - to - 
      
Source of variation SSq DF MSq F p 
Due to regression 1102.918 6 183.820 33.60 <0.0001 
About regression 1723.454 315 5.471   
Total 2826.372 321    
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y = 9E-27x6 - 3E-21x5 + 3E-16x4 - 1E-11x3 + 3E-07x2 - 
0.0032x + 8.7638
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C11.4.9 MRW Time Series 9 
 
Test   Polynomial regression       
  
  
        
Fit  
 Time (s)  v  ADWF (L/s)       
  
  
      
  
            
n  322 
  
   
 
     
R2  0.39     
Adjusted R2  0.38     
SE  2.3391     
      
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  8.7638 1.4901 <0.0001 4.9021 to 12.6255 
Time (s)  -0.0032 0.0004 <0.0001 -0.0043 to -0.0020 
Time (s)^2  0.0000 0.0000 <0.0001 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 <0.0001 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 <0.0001 - to - 
Time (s)^5  0.0000 0.0000 <0.0001 - to - 
Time (s)^6  0.0000 0.0000 <0.0001 - to - 
      
Source of variation  SSq DF MSq F p 
Due to regression  1102.918 6 183.820 33.60 <0.0001 
About regression  1723.454 315 5.471   
Total  2826.372 321    
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y = 9E-27x6 - 3E-21x5 + 3E-16x4 - 1E-11x3 + 3E-07x2 - 
0.0032x + 8.7638
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C11.4.10 MRW Time Series 10 
 
Test   Polynomial regression       
  
  
        
Fit  
 Time (s)  v  ADWF (L/s)       
  
  
      
  
            
      
n  322 
  
   
 
     
R2  0.39     
Adjusted R2  0.38     
SE  2.3391     
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  8.7638 1.4901 <0.0001 4.9021 to 12.6255 
Time (s)  -0.0032 0.0004 <0.0001 -0.0043 to -0.0020 
Time (s)^2  0.0000 0.0000 <0.0001 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 <0.0001 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 <0.0001 - to - 
Time (s)^5  0.0000 0.0000 <0.0001 - to - 
Time (s)^6  0.0000 0.0000 <0.0001 - to - 
      
Source of variation  SSq DF MSq F p 
Due to regression  1102.918 6 183.820 33.60 <0.0001 
About regression  1723.454 315 5.471   
Total  2826.372 321    
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y = 9E-27x6 - 3E-21x5 + 3E-16x4 - 1E-11x3 + 3E-07x2 - 
0.0032x + 8.7638
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C11.5 CBP Dry weather Flow data 
C11.5.1 Time Series 1 
 
Test 
 Polynomial regression    
 
  
    
Fit 
 Time (s)  v  ADWF (L/s)    
 
 
   
 
      
n 416  (cases excluded: 200 due to missing values)  
 
     
R2  0.30     
Adjusted R2  0.29     
SE 1.3209     
Term Coefficient SE p 99% CI of Coefficient 
Intercept  3.7431 0.5317 <0.0001 2.3671 to 5.1192 
Time (s)  -0.0009 0.0002 <0.0001 -0.0013 to -0.0004 
Time (s)^2  0.0000 0.0000 <0.0001 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 <0.0001 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 0.0001 - to - 
Time (s)^5  0.0000 0.0000 0.0014 - to - 
Time (s)^6  0.0000 0.0000 0.0097 - to - 
      
Source of variation SSq DF MSq F p 
Due to regression 307.602 6 51.267 29.38 <0.0001 
About regression 713.570 409 1.745   
Total 1021.171 415    
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y = 1E-27x6 - 5E-22x5 + 6E-17x4 - 3E-12x3 + 9E-08x2 - 
0.0009x + 3.7431
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C11.5.2 CBP Time Series 2 
 
 
Test 
 Polynomial regression    
 
  
    
Fit 
 Time (s)  v  ADWF (L/s)    
 
 
   
 
      
n 217      
 
     
R2  0.57     
Adjusted R2  0.56     
SE 1.0325     
      
Term Coefficient SE p 99% CI of Coefficient 
Intercept  3.9809 0.7960 <0.0001 1.9118 to 6.0501 
Time (s)  -0.0010 0.0002 <0.0001 -0.0016 to -0.0004 
Time (s)^2  0.0000 0.0000 0.0002 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 0.0052 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 0.0756 - to - 
Time (s)^5  0.0000 0.0000 0.4066 - to - 
Time (s)^6  0.0000 0.0000 0.9818 - to - 
      
Source of variation SSq DF MSq F p 
Due to regression 294.954 6 49.159 46.11 <0.0001 
About regression 223.882 210 1.066   
Total 518.835 216    
 255  
y = -1E-29x6 - 1E-22x5 + 3E-17x4 - 2E-12x3 + 8E-08x2 - 
0.001x + 3.9809
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C11.5.3 CBP Time Series 3 
 
Test   Polynomial regression       
  
  
        
Fit  
 Time (s)  v  ADWF (L/s)       
  
  
      
  
            
n  211 
  
   
 
     
R2  0.62     
Adjusted R2  0.61     
SE  0.9360     
      
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  5.9493 1.0529 <0.0001 3.2117 to 8.6869 
Time (s)  -0.0014 0.0003 <0.0001 -0.0022 to -0.0007 
Time (s)^2  0.0000 0.0000 <0.0001 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 0.0003 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 0.0080 - to - 
Time (s)^5  0.0000 0.0000 0.0854 - to - 
Time (s)^6  0.0000 0.0000 0.3921 - to - 
      
Source of variation  SSq DF MSq F p 
Due to regression  295.534 6 49.256 56.22 <0.0001 
About regression  178.722 204 0.876   
Total  474.255 210    
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y = 6E-28x6 - 3E-22x5 + 5E-17x4 - 4E-12x3 + 1E-07x2 - 
0.0014x + 5.9493
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C11.5.4 CBP Time Series 4 
 
Test 
 Polynomial regression    
 
  
    
Fit 
 Time (s)  v  ADWF (L/s)    
 
 
   
 
      
n 175      
 
     
R2  0.55     
Adjusted R2  0.54     
SE 1.0867     
      
Term Coefficient SE p 99% CI of Coefficient 
Intercept  3.9967 0.7728 <0.0001 1.9833 to 6.0100 
Time (s)  -0.0014 0.0002 <0.0001 -0.0020 to -0.0008 
Time (s)^2  0.0000 0.0000 <0.0001 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 <0.0001 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 <0.0001 - to - 
Time (s)^5  0.0000 0.0000 <0.0001 - to - 
Time (s)^6  0.0000 0.0000 <0.0001 - to - 
      
Source of variation SSq DF MSq F p 
Due to regression 244.227 6 40.705 34.47 <0.0001 
About regression 198.390 168 1.181   
Total 442.617 174    
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y = 3E-27x6 - 1E-21x5 + 1E-16x4 - 6E-12x3 + 2E-07x2 - 
0.0014x + 3.9967
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C11.5.5 CBP Time Series 5 
 
Test   Polynomial regression       
  
  
        
Fit  
 Time (s)  v  ADWF (L/s)       
  
  
      
  
            
n  133 
  
   
 
     
R2  0.60     
Adjusted R2  0.58     
SE  1.0623     
      
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  3.0415 0.6823 <0.0001 1.2569 to 4.8260 
Time (s)  -0.0011 0.0002 <0.0001 -0.0017 to -0.0005 
Time (s)^2  0.0000 0.0000 <0.0001 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 <0.0001 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 0.0013 - to - 
Time (s)^5  0.0000 0.0000 0.0129 - to - 
Time (s)^6  0.0000 0.0000 0.0738 - to - 
      
Source of variation  SSq DF MSq F p 
Due to regression  216.330 6 36.055 31.95 <0.0001 
About regression  142.180 126 1.128   
Total  358.510 132    
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y = 2E-27x6 - 6E-22x5 + 8E-17x4 - 4E-12x3 + 1E-07x2 - 
0.0011x + 3.0415
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C11.5.6 CBP Time Series 6 
 
Test   Polynomial regression       
  
  
        
Fit  
 Time (s)  v  ADWF (L/s)       
  
  
      
  
            
n  130 
  
   
 
     
R2  0.61     
Adjusted R2  0.59     
SE  0.9965     
      
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  4.2119 0.9365 <0.0001 1.7617 to 6.6621 
Time (s)  -0.0011 0.0003 0.0006 -0.0018 to -0.0003 
Time (s)^2  0.0000 0.0000 0.0025 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 0.0332 0.0000 to 0.0000 
Time (s)^4  0.0000 0.0000 0.2232 - to - 
Time (s)^5  0.0000 0.0000 0.7026 - to - 
Time (s)^6  0.0000 0.0000 0.7187 - to - 
      
Source of variation  SSq DF MSq F p 
Due to regression  192.984 6 32.164 32.39 <0.0001 
About regression  122.135 123 0.993   
Total  315.119 129    
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y = -3E-28x6 - 9E-23x5 + 3E-17x4 - 3E-12x3 + 9E-08x2 - 
0.0011x + 4.2119
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C11.5.7 CBP Time Series 7 
 
Test   Polynomial regression       
  
  
        
Fit  
 Time (s)  v  ADWF (L/s)       
  
  
      
  
            
n  111 
  
   
 
     
R2  0.61     
Adjusted R2  0.59     
SE  1.0230     
      
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  4.6300 1.0981 <0.0001 1.7486 to 7.5114 
Time (s)  -0.0012 0.0003 0.0012 -0.0021 to -0.0002 
Time (s)^2  0.0000 0.0000 0.0033 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 0.0299 0.0000 to 0.0000 
Time (s)^4  0.0000 0.0000 0.1720 - to - 
Time (s)^5  0.0000 0.0000 0.5397 - to - 
Time (s)^6  0.0000 0.0000 0.9502 - to - 
      
Source of variation  SSq DF MSq F p 
Due to regression  171.122 6 28.520 27.25 <0.0001 
About regression  108.845 104 1.047   
Total  279.967 110    
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y = -7E-29x6 - 2E-22x5 + 4E-17x4 - 3E-12x3 + 1E-07x2 - 
0.0012x + 4.63
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C11.5.8 CBP Time Series 8 
 
Test   Polynomial regression       
  
  
        
Fit  
 Time (s)  v  ADWF (L/s)       
  
  
      
  
            
n  111 
  
   
 
     
R2  0.57     
Adjusted R2  0.54     
SE  1.0764     
      
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  2.7178 0.7164 0.0002 0.8380 to 4.5976 
Time (s)  -0.0007 0.0002 0.0032 -0.0014 to -0.0001 
Time (s)^2  0.0000 0.0000 0.0044 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 0.0303 0.0000 to 0.0000 
Time (s)^4  0.0000 0.0000 0.1509 - to - 
Time (s)^5  0.0000 0.0000 0.4490 - to - 
Time (s)^6  0.0000 0.0000 0.8840 - to - 
      
Source of variation  SSq DF MSq F p 
Due to regression  156.893 6 26.149 22.57 <0.0001 
About regression  120.487 104 1.159   
Total  277.380 110    
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y = 1E-28x6 - 2E-22x5 + 3E-17x4 - 2E-12x3 + 7E-08x2 - 
0.0007x + 2.7178
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C11.5.9 CBP Time Series 9 
 
Test   Polynomial regression       
  
  
        
Fit  
 Time (s)  v  ADWF (L/s)       
  
  
      
  
            
n  108 
  
   
 
     
R2  0.59     
Adjusted R2  0.56     
SE  1.0226     
      
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  5.0329 1.2161 <0.0001 1.8401 to 8.2258 
Time (s)  -0.0014 0.0004 0.0004 -0.0024 to -0.0004 
Time (s)^2  0.0000 0.0000 0.0009 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 0.0074 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 0.0497 - to - 
Time (s)^5  0.0000 0.0000 0.1987 - to - 
Time (s)^6  0.0000 0.0000 0.5035 - to - 
      
Source of variation  SSq DF MSq F p 
Due to regression  151.472 6 25.245 24.14 <0.0001 
About regression  105.624 101 1.046   
Total  257.096 107    
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y = 7E-28x6 - 4E-22x5 + 6E-17x4 - 4E-12x3 + 1E-07x2 - 
0.0014x + 5.0329
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C11.5.10 CBP Time Series 10 
 
Test 
 Polynomial regression    
 
  
    
Fit 
 Time (s)  v  ADWF (L/s)    
 
 
   
 
      
n 109      
 
     
R2  0.61     
Adjusted R2  0.58     
SE 1.0253     
      
Term Coefficient SE p 99% CI of Coefficient 
Intercept  5.9495 1.3407 <0.0001 2.4305 to 9.4686 
Time (s)  -0.0015 0.0004 0.0004 -0.0025 to -0.0004 
Time (s)^2  0.0000 0.0000 0.0017 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 0.0175 0.0000 to 0.0000 
Time (s)^4  0.0000 0.0000 0.1139 - to - 
Time (s)^5  0.0000 0.0000 0.4015 - to - 
Time (s)^6  0.0000 0.0000 0.8652 - to - 
      
Source of variation SSq DF MSq F p 
Due to regression 165.806 6 27.634 26.29 <0.0001 
About regression 107.231 102 1.051   
Total 273.037 108    
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y = 2E-28x6 - 2E-22x5 + 5E-17x4 - 3E-12x3 + 1E-07x2 - 
0.0015x + 5.9495
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C12 Traralgon WWF Calculations 
C12.1 PSP Wet Weather Flow 
Test 
 Polynomial regression    
 
  
    
Fit 
 Time (s)  v  WWF (L/s)    
 
 
   
 
      
n 287      
 
     
R2  0.74     
Adjusted R2  0.74     
SE 31.3135     
      
Term Coefficient SE p 99% CI of Coefficient 
Intercept  152.7363 10.3325 <0.0001 125.9390 to 179.5335 
Time (s)  -0.0030 0.0036 0.4038 -0.0122 to 0.0063 
Time (s)^2  0.0000 0.0000 0.8407 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 0.3579 0.0000 to 0.0000 
Time (s)^4  0.0000 0.0000 0.1045 - to - 
Time (s)^5  0.0000 0.0000 0.0430 - to - 
Time (s)^6  0.0000 0.0000 0.0235 - to - 
      
Source of variation SSq DF MSq F p 
Due to regression 795124.893 6 132520.816 135.15 <0.0001 
About regression 274550.640 280 980.538   
Total 1069675.533 286    
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y = -3E-26x6 + 8E-21x5 - 6E-16x4 + 2E-11x3 + 8E-08x2 - 
0.003x + 152.74
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C12.2 BSP Wet Weather flow 
Test 
 Polynomial regression    
 
  
    
Fit 
 Seconds (s)  v  WWF (L/s)    
 
 
   
 
      
      
n 361      
 
     
R2  0.16     
Adjusted R2  0.15     
SE 2.7234     
      
Term Coefficient SE p 99% CI of Coefficient 
Intercept  6.6800 0.8879 <0.0001 4.3805 to 8.9795 
Seconds (s)  -0.0003 0.0002 0.1692 -0.0008 to 0.0003 
Seconds (s)^2  0.0000 0.0000 0.0067 0.0000 to 0.0000 
Seconds (s)^3  0.0000 0.0000 0.0012 0.0000 to -0.0000 
Seconds (s)^4  0.0000 0.0000 0.0005 - to - 
Seconds (s)^5  0.0000 0.0000 0.0003 - to - 
      
Source of variation SSq DF MSq F p 
Due to regression 509.684 5 101.937 13.74 <0.0001 
About regression 2632.980 355 7.417   
Total 3142.665 360    
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y = -9E-23x5 + 2E-17x4 - 1E-12x3 + 4E-08x2 - 0.0003x 
+ 6.68
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C12.3 MRW Wet Weather Flow 
Test   Polynomial regression       
  
  
        
Fit  
 Time (s)  v  ADWF (L/s)       
  
  
      
  
            
n  472 
  
   
 
     
R2  0.35     
Adjusted R2  0.34     
SE  3.3151     
      
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  6.1134 0.9201 <0.0001 3.7335 to 8.4933 
Time (s)  -0.0001 0.0003 0.6685 -0.0009 to 0.0007 
Time (s)^2  0.0000 0.0000 0.0550 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 0.0197 0.0000 to 0.0000 
Time (s)^4  0.0000 0.0000 0.0117 - to - 
Time (s)^5  0.0000 0.0000 0.0088 - to - 
Time (s)^6  0.0000 0.0000 0.0082 - to - 
      
Source of variation  SSq DF MSq F p 
Due to regression  2701.202 6 450.200 40.97 <0.0001 
About regression  5110.147 465 10.990   
Total  7811.348 471    
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y = 4E-27x6 - 9E-22x5 + 8E-17x4 - 4E-12x3 + 6E-08x2 - 
0.0001x + 6.1134
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C12.4 CBP Wet Weather Flow 
Test   Polynomial regression       
  
  
        
Fit  
 Time (s)  v  ADWF (L/s)       
  
  
      
  
            
n  778 
  
   
 
     
R2  0.46     
Adjusted R2  0.45     
SE  2.0308     
      
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  12.7755 0.5891 <0.0001 11.2544 to 14.2965 
Time (s)  -0.0003 0.0002 0.1213 -0.0007 to 0.0002 
Time (s)^2  0.0000 0.0000 0.0003 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 0.0002 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 0.0006 - to - 
Time (s)^5  0.0000 0.0000 0.0031 - to - 
Time (s)^6  0.0000 0.0000 0.0140 - to - 
      
Source of variation  SSq DF MSq F p 
Due to regression  2660.464 6 443.411 107.52 <0.0001 
About regression  3179.570 771 4.124   
Total  5840.034 777    
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y = 2E-27x6 - 5E-22x5 + 6E-17x4 - 3E-12x3 + 7E-08x2 - 
0.0003x + 12.775
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C13 Catchment – Area – Planning Zone Data Cache 
C13.1 LDP Summary Data 
Sub 
catchment Zone Code  Zone Description 
Area              
(m2) 
Mean Lot 
Size (m2) Population 
LDP  R1Z Residential Zone 1 287115.51 851.97 337 
  Sum 287115.51   337 
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C13.2 PSP Summary Data 
Sub 
catchment Zone Code  Zone Description Area (m
2) Mean Lot Size (m2) Population 
PSP B1Z Business 1 Zone  574819.84 2052.93 280 
PSP B2Z Business 1 Zone  125214.49 2407.97 52 
PSP B4Z Business 4 Zone 283380.48 2862.43 99 
PSP B5Z Business 5 Zone 63970.95 1332.73 48 
PSP IN1Z Industrial 1 Zone 320970.95 5349.52 60 
PSP IN3Z Industrial 3 Zone 85172.16 1637.93 52 
PSP LDRZ Low Density Residential Zone 144257.68 10304.12 14 
PSP MUZ Mixed Use Zone 151059.43 3283.90 46 
PSP PPRZ Public Park & Recreation Zone 494940.27 10100.82 49 
PSP PUZ2 Public Use Zone 2 255489.80 12774.49 20 
PSP PUZ4 Public Use Zone 4 79399.94 79399.94 1 
PSP R1Z Residential 1 Zone 7349390.60 1820.51 4037 
PSP RLZ Rural Living Zone 120336.93 24067.39 5 
PSP RUZ Rural Zone 69475.81 34737.91 2 
  Sum 10117879.33   4765 
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C13.3 BSP Summary Data 
Sub 
catchment Zone Code  Zone Description 
Area              
(m2) 
Mean Lot 
Size (m2) Population 
BSP MUZ Mixed Use Zone 1032.99 344.33 3 
BSP R1Z Residential Zone 1 206709.53 654.14 316 
  Sum 207742.52   319 
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C13.4 MRW Summary Data 
Sub 
catchment 
Zone 
Code  Zone Description 
Area  
(m2) 
Mean Lot 
Size (m2) Population 
MRW R1Z Residential 1 Zone 314369.82 900.77 349 
MRW RUZ Rural Zone 21141.89 21141.89 1 
MRW UFZ Urban Floodway Zone 16091.97 16091.97 1 
  Sum 351603.67   351 
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C13.5 CBP Summary Data 
Sub 
catchment 
Zone 
Code  Zone Description 
Area              
(m2) 
Mean Lot Size 
(m2) Population 
CBP IN1Z Industrial 1 Zone 38390.46 2559.36 15 
CBP IN3Z Industrial 3 Zone 85032.17 4724.01 18 
CBP R1Z Residental 1 Zone 364710.65 1665.35 219 
CBP RUZ Rural Zone 54173.20 54173.20 1 
  Sum 542306.48   253 
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C14 Catchment – Planning Zone – Pipe Material – Installation date 
data cache 
C14.1 LDP 
 
Sub 
catchment 
Planning 
Zone 
Diameter 
(mm) Material Installed 
Length 
(m) 
LDP  SUZ2 100 AC 01-Jan-77 1554.18 
LDP  R1Z 100 EW 01-Jan-65 14.23 
LDP  R1Z 100 EW 01-Jan-70 14.65 
LDP  R1Z 100 PVC 01-Apr-99 4.25 
LDP  R1Z 150 AC 01-Aug-75 562.34 
LDP  R1Z 150 CICL 01-Jan-70 18.61 
LDP  R1Z 150 CICL 21-Oct-78 17.92 
LDP  R1Z 150 EW 01-Jan-65 568.00 
LDP  R1Z 150 EW 01-Jan-70 176.65 
LDP  R1Z 150 EW 04-Mar-75 603.91 
LDP  R1Z 150 EW 10-Jan-79 888.77 
LDP  R1Z 150 PVC 16-Jun-96 1730.00 
LDP  R1Z 150 PVC 01-Apr-99 1618.31 
LDP  R1Z 150 RC 01-Jan-65 365.82 
LDP  R1Z 150 RC 01-Jan-70 960.40 
LDP  RDZ1 150 RC 01-Jan-70 138.29 
LDP  R1Z 150 RC 26-Jul-73 118.53 
LDP  R1Z 150 UPVC 31-Mar-03 1432.54 
LDP  R1Z 150 VC 01-Jan-70 313.09 
LDP  R1Z 225 RC 01-Jan-65 674.82 
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C14.2 PSP 
 
Sub 
catchment 
Planning 
Zone 
Diameter 
(mm) Material Installed 
Length 
(m) 
PSP B1Z 100 VC 01-Jan-41 13.4 
PSP B1Z 100 RC 29-Aug-57 100.2 
PSP B1Z 150 RC 01-Jan-41 1568.4 
PSP B1Z 150 VC 19-Mar-41 274.1 
PSP B1Z 150 EW 18-Jun-48 36.6 
PSP B1Z 150 RC 01-Jan-57 294.4 
PSP B1Z 150 RC 08-Apr-63 401.1 
PSP B1Z 150 RC 01-Jul-83 25.2 
PSP B1Z 150 PVC 19-Jul-87 19.3 
PSP B1Z 150 PVC 11-Nov-94 209.1 
PSP B1Z 150 RC 21-Jan-97 72.1 
PSP B1Z 150 CI 18-Aug-99 132.3 
PSP B1Z 225 RC 01-Jan-41 350.6 
PSP B1Z 300 VC 19-Sep-41 249.3 
PSP B1Z 300 RC 08-Oct-41 131.6 
PSP B2Z 100 RC 01-Jan-41 19.3 
PSP B2Z 100 VC 01-Jan-70 34.8 
PSP B2Z 150 VC 03-Apr-41 280.1 
PSP B2Z 150 RC 18-Apr-41 455.7 
PSP B2Z 150 PVC 01-Jan-80 41.6 
PSP B2Z 375 RC 06-Mar-42 204.8 
PSP B4Z 100 EW 01-Jan-60 92.3 
PSP B4Z 150 RC 10-Jun-41 149.1 
PSP B4Z 150 EW 23-Nov-59 183.3 
PSP B4Z 150 RC 01-Jan-67 91.6 
PSP B4Z 150 RC 01-Jan-70 335.5 
PSP B4Z 150 EW 01-Jan-75 85.0 
PSP B4Z 150 RC 01-Jan-75 95.9 
PSP B4Z 300 RC 10-Jan-58 53.6 
PSP B4Z 375 RC 02-May-41 8.1 
PSP B4Z 375 AC 10-Jun-60 941.4 
PSP B5Z 100 RC 01-Jan-60 64.9 
PSP B5Z 150 RC 01-Jan-41 913.7 
PSP B5Z 150 RC 01-Jan-55 4.8 
PSP B5Z 150 RC 05-Jul-93 59.0 
PSP IN1Z 100 RC 01-Jan-61 72.5 
PSP IN1Z 150 RC 01-Jan-41 316.6 
PSP IN1Z 150 RC 01-Jan-61 266.0 
PSP IN1Z 150 RC 01-Jan-70 1345.8 
PSP IN1Z 150 EW 01-Jan-75 686.7 
PSP IN1Z 150 EW 15-Mar-82 155.4 
PSP IN3Z 300 RC 01-Jan-41 69.3 
PSP IN3Z 300 RC 01-Jan-61 657.4 
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Sub 
catchment 
Planning 
Zone 
Diameter 
(mm) Material Installed 
Length 
(m) 
PSP LDRZ 150 EW 01-Jan-76 451.7 
PSP LDRZ 150 PVC 29-Feb-80 91.0 
PSP LDRZ 150 EW 01-Mar-83 268.4 
PSP LDRZ 300 RC 01-Jan-63 373.7 
PSP MUZ 100 EW 15-Mar-82 26.1 
PSP MUZ 150 RC 01-Jan-59 218.1 
PSP MUZ 150 RC 01-Jan-63 94.3 
PSP MUZ 150 EW 12-Mar-70 35.2 
PSP MUZ 150 RC 01-Jan-75 140.1 
PSP MUZ 225 RC 30-Jan-58 202.0 
PSP PCRZ 600 MS 01-Sep-78 773.7 
PSP PPRZ 100 RC 01-Jan-59 29.4 
PSP PPRZ 100 RC 01-Jan-65 59.2 
PSP PPRZ 150 RC 01-Jan-41 361.5 
PSP PPRZ 150 RC 01-Jan-55 66.5 
PSP PPRZ 150 RC 01-Jan-58 822.1 
PSP PPRZ 150 RC 01-Jan-65 581.0 
PSP PPRZ 150 RC 23-Mar-72 78.0 
PSP PPRZ 150 EW 15-Jul-80 154.4 
PSP PPRZ 150 EW 01-Aug-89 39.4 
PSP PPRZ 225 EW 01-Jun-79 10.2 
PSP PPRZ 225 EW 22-Aug-80 278.5 
PSP PPRZ 300 RC 01-Jan-58 493.0 
PSP PPRZ 300 RC 01-Jan-63 384.0 
PSP PPRZ 300 EW 20-Jul-78 109.8 
PSP PPRZ 375 AC 10-Jun-60 313.6 
PSP PPRZ 375 RC 01-Jan-65 224.4 
PSP PPRZ 450 RC 01-Jan-61 17.5 
PSP PUZ1 600 MS 01-Sep-78 201.2 
PSP PUZ2 150 RC 01-Jan-63 84.3 
PSP PUZ2 150 EW 01-Jun-79 260.0 
PSP PUZ2 150 EW 01-Oct-84 80.0 
PSP PUZ2 150 EW 01-Aug-89 43.0 
PSP PUZ2 225 RC 01-Jan-63 61.0 
PSP PUZ2 225 EW 01-Jun-79 79.5 
PSP PUZ3 150 RC 01-Jan-58 48.5 
PSP PUZ3 150 PVC 09-Jan-98 15.0 
PSP PUZ3 150 PVC 01-Mar-02 20.0 
PSP PUZ3 225 RC 01-Jan-63 81.8 
PSP PUZ3 300 RC 01-Jan-61 83.9 
PSP PUZ4 300 RC 01-Jan-58 79.9 
PSP PUZ4 375 RC 01-Jan-65 92.2 
PSP R1Z 100 RC 01-Jan-41 128.7 
PSP R1Z 100 EW 01-Jan-51 29.4 
PSP R1Z 100 EW 01-Jan-58 51.1 
PSP R1Z 100 RC 01-Jan-58 789.1 
PSP R1Z 100 EW 01-Jan-60 238.5 
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Sub 
catchment 
Planning 
Zone 
Diameter 
(mm) Material Installed 
Length 
(m) 
PSP R1Z 100 RC 01-Jan-63 824.3 
PSP R1Z 100 RC 01-Jan-67 42.2 
PSP R1Z 100 EW 01-Jan-70 101.7 
PSP R1Z 100 RC 01-Jan-70 278.9 
PSP R1Z 100 EW 01-Jan-75 781.9 
PSP R1Z 100 PVC 01-Jan-75 14.0 
PSP R1Z 100 RC 01-Jan-76 19.6 
PSP R1Z 100 EW 01-Jan-80 127.3 
PSP R1Z 100 PVC 12-Aug-93 25.4 
PSP R1Z 100 EW 05-Feb-97 17.7 
PSP R1Z 100 PVC 05-Feb-97 30.8 
PSP R1Z 150 RC 01-Jan-41 4522.7 
PSP R1Z 150 VC 01-Jan-41 202.4 
PSP R1Z 150 RC 01-Jan-51 1351.8 
PSP R1Z 150 RC 01-Jan-55 331.5 
PSP R1Z 150 EW 01-Dec-55 74.4 
PSP R1Z 150 RC 05-Aug-57 6452.7 
PSP R1Z 150 VC 01-Jan-58 17.9 
PSP R1Z 150 EW 01-Jan-60 373.8 
PSP R1Z 150 RC 01-Jan-61 6935.9 
PSP R1Z 150 RC 01-Jan-65 4390.2 
PSP R1Z 150 RC 01-Jan-69 2437.0 
PSP R1Z 150 EW 01-Jan-70 469.7 
PSP R1Z 150 EW 01-Jan-71 665.9 
PSP R1Z 150 EW 01-Jan-75 5507.1 
PSP R1Z 150 RC 01-Jan-75 964.5 
PSP R1Z 150 VC 01-Jan-76 29.0 
PSP R1Z 150 EW 07-Feb-79 6415.0 
PSP R1Z 150 PVC 01-Jan-81 17.6 
PSP R1Z 150 RC 01-Jan-82 419.0 
PSP R1Z 150 PVC 01-Jan-85 1075.4 
PSP R1Z 150 EW 13-May-85 287.3 
PSP R1Z 150 EW 01-Aug-89 934.5 
PSP R1Z 150 RC 01-Aug-89 92.0 
PSP R1Z 150 PVC 01-Jan-91 1304.8 
PSP R1Z 150 PVC 27-Jan-97 3413.7 
PSP R1Z 150 PVC 09-Jul-01 834.2 
PSP R1Z 225 RC 24-Feb-41 196.1 
PSP R1Z 225 RC 19-Nov-58 405.7 
PSP R1Z 225 RC 01-Jan-60 660.6 
PSP R1Z 225 RC 18-Apr-64 949.1 
PSP R1Z 225 RC 01-Jan-70 218.5 
PSP R1Z 225 EW 01-Jan-76 285.9 
PSP R1Z 225 EW 15-Jul-80 402.1 
PSP R1Z 300 RC 07-Mar-41 267.3 
PSP R1Z 300 VC 21-Aug-41 42.5 
PSP R1Z 300 RC 01-Jan-58 1375.1 
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Sub 
catchment 
Planning 
Zone 
Diameter 
(mm) Material Installed 
Length 
(m) 
PSP R1Z 300 RC 01-Jan-63 469.6 
PSP R1Z 300 RC 28-Mar-66 633.0 
PSP R1Z 375 RC 01-Dec-55 40.1 
PSP RDZ1 100 RC 01-Jan-63 17.9 
PSP RDZ1 150 RC 01-Jan-41 70.0 
PSP RDZ1 150 RC 01-Jan-58 859.9 
PSP RDZ1 150 EW 01-Jan-60 38.8 
PSP RDZ1 150 RC 01-Jan-63 717.0 
PSP RDZ1 150 RC 01-Jan-75 477.0 
PSP RDZ1 150 PVC 01-Jul-77 72.2 
PSP RDZ1 150 EW 01-Apr-78 29.0 
PSP RDZ1 300 RC 01-Jan-67 65.8 
PSP RDZ1 300 EW 20-Jul-78 2320.4 
PSP RDZ1 375 RC 21-Mar-41 508.6 
PSP RDZ1 450 RC 01-Jan-41 69.1 
PSP RLZ 150 EW 05-Sep-84 530.3 
PSP RUZ 150 EW 01-Jan-76 83.2 
PSP RUZ 150 PVC 28-Apr-78 1760.7 
PSP RUZ 225 EW 28-Apr-78 154.1 
PSP RUZ 300 EW 20-Jul-78 1283.2 
PSP RUZ 600 MS 01-Sep-78 1796.6 
PSP SUZ1 225 EW 20-Jul-78 39.9 
PSP SUZ1 225 VC 15-Mar-83 4304.3 
PSP SUZ1 600 MS 01-Sep-78 2817.1 
PSP UFZ 150 EW 01-Apr-78 99.4 
PSP UFZ 300 RC 01-Jan-63 163.5 
PSP UFZ 300 EW 20-Jul-78 880.9 
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C14.3 DSP 
Sub 
catchment 
Planning 
Zone 
Diameter 
(mm) Material Installed 
Length 
(m) 
BSP PPRZ 225 MS 01-Jan-55 14.44 
BSP PPRZ 225 RC 01-Jan-55 74.53 
BSP PPRZ 375 AC 01-Jan-55 8.67 
BSP R1Z 100 RC 01-Jan-55 148.42 
BSP R1Z 150 RC 01-Jan-55 3559.15 
BSP R1Z 225 RC 01-Jan-55 173.17 
BSP R1Z 375 AC 10-Jun-60 881.96 
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C14.4 MRW 
Sub 
catchment 
Planning 
Zone 
Diameter 
(mm) Material Installed 
Length 
(m) 
MRW PCRZ 375 DICL 01-Jun-89 277.81 
MRW PCRZ 500 HDPE 06-Sep-89 270.86 
MRW PCRZ 910 RC 01-Jun-54 446.90 
MRW R1Z 100 PVC 26-Feb-95 33.11 
MRW R1Z 150 PVC 01-Jan-86 169.43 
MRW R1Z 150 EW 21-Mar-86 392.89 
MRW R1Z 150 PVC 04-Jun-86 178.70 
MRW R1Z 150 PVC 30-Nov-92 2599.66 
MRW R1Z 150 PVC 01-Oct-98 1948.44 
MRW R1Z 150 PVC 01-Mar-03 399.47 
MRW R1Z 150 UPVC 01-Mar-03 810.09 
MRW R1Z 225 PVC 01-Jan-86 214.14 
MRW R1Z 225 PVC 03-Jan-93 421.24 
MRW R1Z 300 PVC 01-Mar-93 125.13 
MRW R1Z 500 HDPE 06-Sep-89 111.45 
MRW R1Z 910 RC 01-Jun-54 307.63 
MRW RUZ 150 PVC 01-Jan-86 123.51 
MRW RUZ 225 AC 01-Jan-80 1327.02 
MRW RUZ 910 RC 01-Jun-54 493.53 
MRW UFZ 150 AC 01-Jan-80 453.00 
MRW UFZ 150 UPVC 01-Mar-03 43.96 
MRW UFZ 225 PVC 01-Jan-86 91.16 
MRW UFZ 300 PVC 01-Mar-93 353.63 
MRW UFZ 375 DICL 01-Jun-89 32.33 
MRW UFZ 500 DICL 09-Jun-89 44.50 
MRW UFZ 500 HDPE 06-Sep-89 26.18 
MRW UFZ 910 RC 01-Jun-54 158.58 
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C14,5 CBP 
Sub 
catchment 
Planning 
Zone 
Diameter 
(mm) Material Installed 
Length 
(m) 
CBP IN1Z 100 PVC 01-Jan-85 471.49 
CBP IN1Z 150 EW 28-Apr-80 423.98 
CBP IN1Z 150 EW 08-May-95 305.00 
CBP IN1Z 150 VC 01-Nov-00 181.54 
CBP IN1Z 300 EW 01-Jan-85 15.05 
CBP IN3Z 150 EW 28-Apr-80 452.86 
CBP IN3Z 150 PVC 01-Jan-85 367.95 
CBP IN3Z 225 EW 01-Jan-81 202.00 
CBP IN3Z 300 EW 01-Jan-85 132.32 
CBP IN3Z 300 MSCL 04-Jun-87 67.24 
CBP PCRZ 600 MS 01-Sep-78 391.31 
CBP R1Z 100 PVC 01-Jan-93 7.66 
CBP R1Z 100 PVC 15-Jan-99 99.93 
CBP R1Z 150 PVC 24-Mar-87 2692.02 
CBP R1Z 150 PVC 29-Jul-94 621.29 
CBP R1Z 150 PVC 12-Aug-98 721.19 
CBP R1Z 150 PE 28-Nov-00 45.87 
CBP R1Z 150 PVC 28-Nov-00 893.54 
CBP R1Z 150 PE 01-Jul-02 33.72 
CBP R1Z 225 PVC 01-Jul-92 205.08 
CBP R1Z 300 VC 15-Mar-87 815.29 
CBP R1Z 300 PVC 12-Aug-98 420.62 
CBP RDZ1 150 PVC 01-Jan-85 135.98 
CBP RDZ1 150 EW 08-May-95 12.51 
CBP RDZ1 300 EW 01-Jan-85 67.36 
CBP RDZ1 600 MS 01-Sep-78 701.34 
CBP RLZ 1000 RC 06-Aug-54 8486.27 
CBP RUZ 100 MS 07-Jul-87 14.15 
CBP RUZ 600 MS 01-Sep-78 4730.58 
CBP RUZ 910 RC 06-Aug-54 303.89 
CBP RUZ 1000 HOBAS 19-Mar-85 94.20 
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D1 Warragul Demographics Data 
 
Figure D1:  Warragul Demographic Data 
  295  
 
D2 Waragul Locality Map 
 
 
Figure D2.1: Warragul Locality Map 
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D3 Geology Map of Warragul 
 
D3:  Warragul Geological Map 
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Table 0-1:  Warragul Soil Types 
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D4 Warragul Planning Zone Maps 
 
Figure D4: Warragul Planning Zone Scheme 
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Figure D.5: Warragul Planning Zone Scheme 
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Figure D6: Warragul Planning Zone Scheme 
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D5 Warragul Wastewater System Functional Schematic 
 
 
Figure D7: Warragul wastewater system functional schematic. 
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D6 Warragul catchment boundary map 
 
Figure D6.1: LDP catchment 
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Figure D6.2: HDP catchment 
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 D7 IFD curves for Warragul 
 
 
Figure D7: IFD Graph for Warragul 
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Figure D8: IFD graph for Warragul 
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D8 Location of Pluviometrer 
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D9 Rainfall Calendar 
Year Month 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 
2000 12 0 0 0 0 0 0 0 0 0 0 0 0 0 - 0 0 - - 0 0 0 2 14 14 0 0 4 10 10 3 0 
2001 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2001 2 0 0 0 0 9 0 0 0 5 0 0 0 4 - - - - - - - - - - - - - 0 0 0 0 0 
2001 3 0 0 0 0 0 0 0 0 0 0 3 0 1 0 0 0 24 - 1 - 0 16 6 0 1 - - 1 - 0 0 
2001 4 0 0 0 0 0 0 0 0 0 0 0 12 0 0 0 0 0 0 1 0 3 12 92 8 13 0 0 3 0 0 0 
2001 5 0 2 0 0 0 1 1 0 0 0 2 0 0 0 0 4 0 3 0 0 0 0 2 0 0 0 0 0 3 1 0 
2001 6 0 0 0 0 0 0 7 1 0 15 0 1 - 14 10 1 - - 0 0 19 1 0 0 0 3 0 0 0 0 0 
2001 7 0 0 0 0 0 0 8 4 8 4 0 12 0 - - 4 0 1 3 3 0 0 0 0 0 0 0 1 0 0 0 
2001 8 21 3 0 0 5 5 3 1 0 0 0 0 0 0 0 0 41 13 4 17 2 10 7 0 0 0 0 0 - 0 0 
2001 9 0 2 16 1 3 0 0 6 10 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 11 3 0 0 0 0 0 
2001 10 0 - - 14 3 3 14 4 2 0 1 10 11 5 1 13 0 14 5 4 0 0 0 16 1 0 4 0 3 3 4 
2001 11 1 0 0 0 0 67 1 3 7 3 5 10 9 0 0 0 0 6 4 0 0 0 0 15 1 2 1 0 0 0 0 
2001 12 1 0 18 2 0 2 14 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 7 0 11 12 2 0 0 0 
2002 1 3 10 8 0 0 0 0 8 1 0 0 0 0 0 0 0 0 0 0 0 0 13 24 0 0 0 0 0 0 0 0 
2002 2 3 0 0 0 2 0 0 8 13 6 2 0 0 0 0 0 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 
2002 3 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 1 84 3 0 0 0 0 
2002 4 0 0 0 12 0 0 0 0 0 0 8 0 0 - - - - 30 0 2 19 1 1 1 1 25 1 0 0 0 0 
2002 5 0 0 0 0 0 0 0 0 0 3 0 0 1 0 0 0 21 2 9 12 13 4 1 1 0 2 0 0 0 0 0 
2002 6 3 0 0 0 0 0 - - - - 1 0 - - - - - - - - - - - - - - 0 9 0 - 0 
2002 7 - - - - - - - - - - - - - - - 0 7 0 0 0 7 0 0 3 0 0 0 0 0 0 0 
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2002 8 0 5 1 0 0 0 1 1 0 0 0 0 16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 
2002 9 - - - - - - - - - - - - - - - - - - - 1 0 0 0 0 0 0 0 0 2 1 0 
2002 10 0 0 0 0 9 22 1 1 1 0 0 0 4 6 9 0 1 0 1 0 0 0 12 11 7 10 0 0 0 0 0 
2002 11 0 0 0 15 13 0 0 0 0 0 0 0 2 0 0 0 0 0 0 2 11 0 0 0 0 6 5 0 0 0 0 
2002 12 2 0 0 1 14 21 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 1 
2003 1 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 15 0 0 0 13 
2003 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 4 3 0 0 0 0 9 0 0 0 
2003 3 3 25 1 0 0 0 0 2 2 15 2 1 0 0 0 0 0 0 0 3 6 3 0 7 0 0 0 0 0 0 0 
2003 4 0 5 2 0 0 0 0 1 0 0 0 26 0 9 0 9 0 0 0 0 0 0 0 2 3 0 0 4 0 0 0 
2003 5 2 0 0 0 0 0 0 0 2 15 1 0 0 0 0 0 0 0 5 1 1 1 1 0 0 0 0 0 0 0 0 
2003 6 4 0 0 0 0 0 16 18 0 0 0 0 1 5 15 0 0 0 0 0 0 1 1 0 0 0 0 10 0 14 0 
2003 7 15 0 0 0 0 0 0 1 0 0 0 6 3 0 0 8 0 0 0 0 0 1 0 29 12 19 0 0 4 20 0 
2003 8 0 0 0 0 0 3 0 0 29 2 0 1 14 14 4 0 0 1 1 0 0 2 0 6 11 0 1 0 0 0 11 
2003 9 2 0 1 1 0 0 0 0 0 0 1 2 1 8 13 4 5 3 0 9 0 0 8 6 1 10 14 9 19 0 0 
2003 10 0 6 2 0 0 1 0 0 0 12 1 0 0 0 0 24 0 0 0 19 0 13 3 6 0 21 0 0 10 1 9 
2003 11 30 11 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 6 13 2 1 0 0 0 0 0 0 0 
2003 12 4 0 1 4 2 0 0 0 0 0 0 0 3 0 0 0 0 0 17 1 14 12 10 0 0 0 0 0 0 0 0 
2004 1 0 0 0 0 18 0 1 10 1 0 0 0 0 0 0 0 0 8 1 0 0 0 0 0 0 0 0 17 12 1 66 
2004 2 4 0 0 0 0 0 0 0 0 0 14 10 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 2     
2004 3 3 0 0 0 0 -- -- -- 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 17 2 
2004 4 0 4 0 0 0 9 0 0 0 0 0 0 1 0 0 1 -- -- 6 0 0 0 0 -- -- 26 1 0 0 10   
2004 5 0 0 24 0 13 0 0 0 0 0 0 0 0 0 0 0 2 1 7 0 2 0 0 0 1 2 11 1 8 0 0 
2004 6 0 0 1 6 7 0 0 0 0 7 1 0 0 0 12 13 2 0 -- -- 48 1 0 1 2 -- 23 0 2 0   
2004 7 0 0 0 5 7 7 0 0 0 0 7 5 0 3 0 7 0 0 1 2 0 0 -- 4 4 5 1 4 0 0   
2004 8 0 2 8 3 6 1 0 0 8 1 1 1 0 -- 16 0 0 0 0 0 0 -- 5 0 0 0 3 0 0 12 21 
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D10 Warragul Rainfall Data 
D10.1 Summary of Rainfall Events 
Date Start Time End Time Duration Event Total (mm) ARI Daily Total 
(mm) 
6/11/2001 05:55:54 06:55:59 1.00 7.878 5 91.910 
26/03/2002 07:50:06 08:23:48 0.56 22.422 5 86.052 
6/12/2002 05:55:54 06:55:59 1.00 7.878 5 91.910 
16/10/2003 07:50:06 08:23:48 0.56 22.422 5 86.052 
31/01/2004 06:42:12 07:15:17 0.02 32.118 5 65.700 
24/04/2004 02:05:09 5:13:38 0.13 18.786 5 48.040 
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D11 DWF Calculations – Regression Analysis 
D11.1HDP Dry weather flow data 
D11.1.1 Time Series 1 
Test 
 Polynomial regression    
       
Fit  Time (s)  v  DWF    
      
n 343      
R2  0.44     
Adjusted R2  0.43     
SE 0.4252     
Term Coefficient SE p 99% CI of Coefficient 
Intercept  0.9085 0.2217 <0.0001 0.3342 to 1.4827 
Time (s)  -0.0003 0.0001 <0.0001 -0.0005 to -0.0002 
Time (s)^2  0.0000 0.0000 <0.0001 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 <0.0001 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 <0.0001 - to - 
Time (s)^5  0.0000 0.0000 <0.0001 - to - 
Time (s)^6  0.0000 0.0000 <0.0001 - to - 
Source of variation SSq DF MSq F p 
Due to regression 46.893 6 7.816 43.24 <0.0001 
About regression 60.733 336 0.181   
Total 107.627 342    
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y = 1E-27x6 - 4E-22x5 + 4E-17x4 - 2E-12x3 + 4E-08x2 - 
0.0003x + 0.9085
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D11.1.2 HDP Time Series 2 
Test 
 Polynomial regression    
       
Fit  Time (s)  v  DWF (L/s)    
      
      
n 179      
      
R2  0.49     
Adjusted R2  0.47     
SE 0.3953     
      
Term Coefficient SE p 99% CI of Coefficient 
Intercept  0.5531 0.1676 0.0012 0.1166 to 0.9895 
Time (s)  -0.0002 0.0001 <0.0001 -0.0004 to -0.0001 
Time (s)^2  0.0000 0.0000 <0.0001 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 <0.0001 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 <0.0001 - to - 
Time (s)^5  0.0000 0.0000 <0.0001 - to - 
Time (s)^6  0.0000 0.0000 <0.0001 - to - 
      
Source of variation SSq DF MSq F p 
Due to regression 25.820 6 4.303 27.53 <0.0001 
About regression 26.882 172 0.156   
Total 52.702 178    
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y = 1E-27x6 - 3E-22x5 + 4E-17x4 - 2E-12x3 + 4E-08x2 - 
0.0002x + 0.5531
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D11.1.3 HDP Time Series 3 
Test 
 Polynomial regression    
       
Fit  Time (s)  v  DWF (L/s)    
      
      
n 414      
      
R2  0.78     
Adjusted R2  0.78     
SE 0.2956     
      
Term Coefficient SE p 99% CI of Coefficient 
Intercept  0.0091 0.0192 0.6349 -0.0406 to 0.0588 
Time (s)  0.0000 0.0000 0.6548 -0.0001 to 0.0001 
Time (s)^2  0.0000 0.0000 0.0008 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 0.0005 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 0.0026 - to - 
Time (s)^5  0.0000 0.0000 0.0186 - to - 
Time (s)^6  0.0000 0.0000 0.0902 - to - 
      
Source of variation SSq DF MSq F p 
Due to regression 128.164 6 21.361 244.38 <0.0001 
About regression 35.575 407 0.087   
Total 163.739 413    
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y = 3E-28x6 - 1E-22x5 + 1E-17x4 - 6E-13x3 + 1E-08x2 - 
1E-05x + 0.0091
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D11.1.4 HDP Time Series 4 
Test   Polynomial regression       
            
Fit   Time (s)  v  DWF (L/s)       
            
            
n  449 
  
   
      
R2  0.91     
Adjusted R2  0.91     
SE  0.1464     
      
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  0.0017 0.0077 0.8257 -0.0183 to 0.0217 
Time (s)  -0.0001 0.0000 <0.0001 -0.0002 to -0.0001 
Time (s)^2  0.0000 0.0000 <0.0001 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 <0.0001 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 <0.0001 - to - 
Time (s)^5  0.0000 0.0000 <0.0001 - to - 
Time (s)^6  0.0000 0.0000 <0.0001 - to - 
      
Source of variation  SSq DF MSq F p 
Due to regression  97.313 6 16.219 756.64 <0.0001 
About regression  9.474 442 0.021   
Total  106.788 448    
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y = 2E-27x6 - 5E-22x5 + 5E-17x4 - 2E-12x3 + 4E-08x2 - 
0.0001x + 0.0017
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D11.1.5 HDP Time Series 5 
Test   Polynomial regression       
            
Fit   Time (s)  v  DWF (L/s)       
            
            
n  450 
  
   
      
R2  0.90     
Adjusted R2  0.90     
SE  0.1549     
      
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  0.0035 0.0081 0.6697 -0.0176 to 0.0245 
Time (s)  -0.0001 0.0000 <0.0001 -0.0002 to -0.0001 
Time (s)^2  0.0000 0.0000 <0.0001 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 <0.0001 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 <0.0001 - to - 
Time (s)^5  0.0000 0.0000 <0.0001 - to - 
Time (s)^6  0.0000 0.0000 <0.0001 - to - 
      
Source of variation  SSq DF MSq F p 
Due to regression  95.559 6 15.926 663.95 <0.0001 
About regression  10.626 443 0.024   
Total  106.185 449    
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y = 2E-27x6 - 4E-22x5 + 4E-17x4 - 2E-12x3 + 3E-08x2 - 
0.0001x + 0.0035
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D11.1.6 HDP Time Series 6 
Test   Polynomial regression       
            
Fit   Time (s)  v  DWF (L/s)       
            
            
n  485 
  
   
      
R2  0.90     
Adjusted R2  0.90     
SE  0.1728     
      
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  0.0035 0.0091 0.7049 -0.0201 to 0.0270 
Time (s)  -0.0001 0.0000 <0.0001 -0.0002 to -0.0001 
Time (s)^2  0.0000 0.0000 <0.0001 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 <0.0001 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 <0.0001 - to - 
Time (s)^5  0.0000 0.0000 <0.0001 - to - 
Time (s)^6  0.0000 0.0000 <0.0001 - to - 
      
Source of variation  SSq DF MSq F p 
Due to regression  125.932 6 20.989 703.25 <0.0001 
About regression  14.266 478 0.030   
Total  140.198 484    
  321  
y = 2E-27x6 - 5E-22x5 + 4E-17x4 - 2E-12x3 + 3E-08x2 - 
0.0001x + 0.0035
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D11.7 HDP Time Series 7 
Test   Polynomial regression       
            
Fit   Time (s)  v  DWF (L/s)       
            
            
n  91 
  
   
      
R2  0.63     
Adjusted R2  0.60     
SE  0.3453     
      
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  0.6058 0.2234 0.0081 0.0171 to 1.1946 
Time (s)  -0.0003 0.0001 <0.0001 -0.0005 to -0.0001 
Time (s)^2  0.0000 0.0000 <0.0001 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 <0.0001 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 <0.0001 - to - 
Time (s)^5  0.0000 0.0000 <0.0001 - to - 
Time (s)^6  0.0000 0.0000 <0.0001 - to - 
      
Source of variation  SSq DF MSq F p 
Due to regression  17.022 6 2.837 23.79 <0.0001 
About regression  10.017 84 0.119   
Total  27.039 90    
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y = 2E-27x6 - 5E-22x5 + 5E-17x4 - 2E-12x3 + 5E-08x2 - 
0.0003x + 0.6058
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D12 WWF Calculations forWarragul: Regression Analysis 
D12.1 HDP Wet weather Flow 
 
Test   Polynomial regression       
            
Fit   Time (s)  v  ADWF (L/s)       
            
            
n  73 
  
   
      
R2  0.21     
Adjusted R2  0.14     
SE  0.6407     
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  0.5222 0.4321 0.2312 -0.6240 to 1.6684 
Time (s)  0.0000 0.0002 0.9414 -0.0004 to 0.0005 
Time (s)^2  0.0000 0.0000 0.6132 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 0.4452 0.0000 to 0.0000 
Time (s)^4  0.0000 0.0000 0.3960 - to - 
Time (s)^5  0.0000 0.0000 0.3944 - to - 
Time (s)^6  0.0000 0.0000 0.4148 - to - 
      
Source of variation  SSq DF MSq F p 
Due to regression  7.210 6 1.202 2.93 0.0136 
About regression  27.094 66 0.411   
Total  34.304 72    
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y = 5E-28x6 - 1E-22x5 + 1E-17x4 - 6E-13x3 + 9E-09x2 + 
1E-05x + 0.5222
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D12.2 LBP Wet Weather Flow 
 
 
Test 
 Polynomial regression    
       
Fit  Time (s)  v  ADWF (L/s)    
      
      
n 352      
      
R2  0.08     
Adjusted R2  0.06     
SE 6.3686     
Term Coefficient SE p 99% CI of Coefficient 
Intercept  12.3031 2.8026 <0.0001 5.0440 to 19.5623 
Time (s)  -0.0015 0.0009 0.0947 -0.0037 to 0.0008 
Time (s)^2  0.0000 0.0000 0.0420 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 0.0415 0.0000 to 0.0000 
Time (s)^4  0.0000 0.0000 0.0554 - to - 
Time (s)^5  0.0000 0.0000 0.0830 - to - 
Time (s)^6  0.0000 0.0000 0.1277 - to - 
      
Source of variation SSq DF MSq F p 
Due to regression 1166.835 6 194.473 4.79 0.0001 
About regression 13992.675 345 40.558   
Total 15159.510 351    
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y = 5E-27x6 - 1E-21x5 + 2E-16x4 - 8E-12x3 + 2E-07x2 - 
0.0015x + 12.303
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D13 Catchment – Area – Planning Zone Data cache 
D13.1 HDP 
Sub 
Catchment 
Planning 
Zone 
Average 
lot size 
(m2) 
Area 
(m2) Tennements 
HDP R1Z 76.91 4460.95 58 
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D13.2 LDP 
Sub 
Catchment 
Planning 
Zone 
Planning Zone 
description 
Average Lot 
size (m2) Area (m2) 
Tennements 
LBP R1Z 
Residential 1 
Zone 1439.46896 96444.42 
67 
Table D13.6 
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D14 Catchment – Planning Zone – Pipe Material – Pipe Diameter – Installation Date Data Cache 
D14.1 HDP 
Sub Catchment Diameter (mm) Material Planning Zone Date Installed Length (m) 
HDP 100 PVC R1Z 17-Aug-77 306.72 
HDP 150 EW R1Z 21-Jul-77 1178.37 
HDP 150 EW R1Z 01-Jan-71 29.49 
HDP 150 EW R1Z 22-Jul-77 96.97 
HDP 150 UPVC R1Z 28-Aug-03 736.53 
HDP 225 UPVC R1Z 28-Aug-03 256.83 
Table D14.1: Catchment particulars. 
D14.2 LBP 
Sub Catchment Diameter (mm) Material Planning Zone Date Installed Length (m) 
LBP 100 PVC R1Z 01-Jan-89 983.62 
LBP 150 PVC R1Z 17-Jan-94 389.00 
LBP 150 PVC R1Z 13-Aug-99 304.69 
LBP 150 PVC RDZ1 08-Apr-89 219.07 
LBP 150 PVC RDZ1 01-Jan-94 38.27 
LBP 225 PVC R1Z 08-Apr-89 153.99 
LBP 225 PVC R1Z 17-Oct-94 144.67 
Table D14.2: Catchment Particulars. 
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Appendix E: Sale 
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E1 Sale Demographic 
 
Table E1.1:  Sale Demographic Data 
 333 
E2 Sale Locality Map 
 
Figure EE.1.2: Locality map for Sale 
 
 334 
E3 Geological Map of Sale 
 
Figure E.2: Sale Geology  Map 
 335 
 
 
Unique Feature Identifier:  33 
Map Code:  Qa2 
Old Map Codes:  Qpa 
Unit Type:  Rock 
Rank:  Formation 
Unit Name:  Unnamed alluvium 
Youngest Age:  Quaternary (Pleistocene) 
Oldest Age:  Quaternary (Pleistocene) 
Classification or Environment:  Sedimentary (Non-Marine (Alluvial)) 
Feature Type:  ROCK_UNIT 
Subtype:  Sedimentary 
Lithological Description:  Fluvial: gravel, sand, silt 
Table E-2:Sale Soil Types 
 336 
 
E 4 Sale Planning Scheme 
 
 
Table E-3: Sale Planning Zone Scheme 
 337 
 
Table E-4: Sale Planning Zone Scheme 
 
 338 
 
Table E-5: Sale Planning Zone Scheme 
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Table E-6: Sale Planning Zone Scheme 
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Table E-7: Sale Planning Zone Scheme 
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Table E-8: Sale Planning Zone Scheme 
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Table E-9: Sale Planning Zone Scheme 
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Table E-10: Sale Planning Zone Scheme 
 
 344 
 
Table E-11: Sale Planning Zone Scheme 
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Table E-12: Sale Planning Zone Scheme 
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Table E-13: Sale Planning Zone Scheme 
 
 347 
 
Table E-14: Sale Planning Zone Scheme 
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Table E-15: Sale Planning Zone Scheme 
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Table E-16: Sale Planning Zone Scheme 
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E5 Sale Wastewater System Functional Schematic 
 
 
Figure E :Sale Wastewater System Functional Schematic 
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E6 Sale Catchment Boundaries 
 
 
Figure E6: S72 Catchment Boundary 
 352 
 
Figure E6.2: S79 Catchmetn Bounday 
 353 
C8 Sale IFD Curves 
 
Figure E.3:  Sale IFD curve 
 354 
 
Figure E.4: Sale IFD Curve 
 
 
 355 
E8 Sale Pluviometer Location 
 
 
Figure E.5: Sale Pluviomtere Location 
 
 356 
E9 Sale Rainfall Calendar 
Year Month 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 
2000 12 0 0 0 0 0 0 0 0 0 0 0 0 0 - 0 0 - - 0 0 0 0 0 4 0 0 2 9 2 1 0 
2001 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2001 2 0 0 0 0 3 0 0 0 2 0 0 0 1 - - - - - - - - - - - - - 0 0 0 0 0 
2001 3 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 10 - 1 - 0 6 0 0 0 - - 0 - 0 0 
2001 4 0 0 0 0 0 0 0 0 0 0 0 6 0 0 0 0 0 0 1 0 1 2 7 3 0 0 0 1 0 0 0 
2001 5 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 2 0 0 0 0 1 0 0 0 0 0 2 0 0 
2001 6 0 0 0 0 0 0 2 0 0 8 0 0 - 2 4 0 - - 0 0 6 0 0 0 0 1 0 0 0 0 0 
2001 7 0 0 0 0 0 0 2 2 4 1 0 0 0 - - 3 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 
2001 8 12 0 0 0 1 3 1 1 0 0 0 0 0 0 0 0 5 7 0 6 0 2 1 0 0 0 0 0 - 0 0 
2001 9 0 0 1 0 2 0 0 3 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
2001 10 0 - - 1 1 1 5 0 0 0 0 6 5 3 0 5 0 9 4 1 0 0 0 4 0 0 1 0 2 1 1 
2001 11 1 0 0 0 0 37 0 2 3 1 0 4 2 0 0 0 0 4 1 0 0 0 0 3 0 1 0 0 0 0 0 
2001 12 0 0 6 0 0 1 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 1 0 0 0 
2002 1 2 1 6 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 1 7 0 0 0 0 0 0 0 0 
2002 2 1 0 0 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 
2002 3 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 86 1 0 0 0 0 
2002 4 0 0 0 8 0 0 0 0 0 0 3 0 0 - - - - 18 0 1 10 1 0 0 0 11 0 0 0 0 0 
2002 5 0 0 0 0 0 0 0 0 0 2 0 0 1 0 0 0 13 1 3 5 9 1 1 0 0 1 0 0 0 0 0 
2002 6 1 0 0 0 0 0 - - - - 0 0 - - - - - - - - - - - - - - 0 5 0 - 0 
2002 7 - - - - - - - - - - - - - - - 0 0 0 0 0 3 0 0 1 0 0 0 0 0 0 0 
2002 8 0 1 1 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 
 357 
2002 9 - - - - - - - - - - - - - - - - - - - 0 0 0 0 0 0 0 0 0 1 0 0 
2002 10 0 0 0 0 4 8 1 0 0 0 0 0 3 0 1 0 0 0 0 0 0 0 3 3 3 6 0 0 0 0 0 
2002 11 0 0 0 3 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 2 3 0 0 0 0 
2002 12 1 0 0 0 5 25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 
2003 1 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 2 
2003 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 
2003 3 1 17 0 0 0 0 0 0 2 1 0 0 0 0 0 0 0 0 0 1 2 1 0 2 0 0 0 0 0 0 0 
2003 4 0 1 0 0 0 0 0 0 0 0 0 10 0 4 0 4 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 
2003 5 1 0 0 0 0 0 0 0 1 7 1 0 0 0 0 0 0 0 2 0 1 1 0 0 0 0 0 0 0 0 0 
2003 6 2 0 0 0 0 0 4 6 0 0 0 0 1 1 3 0 0 0 0 0 0 0 0 0 0 0 0 5 0 4 0 
2003 7 1 0 0 0 0 0 0 0 0 0 0 3 1 0 0 7 0 0 0 0 0 0 0 1 7 9 0 0 1 8 0 
2003 8 0 0 0 0 0 1 0 0 15 1 0 0 12 7 2 0 0 0 1 0 0 1 0 5 7 0 0 0 0 0 7 
2003 9 2 0 1 1 0 0 0 0 0 0 0 1 1 5 6 3 3 2 0 8 0 0 7 4 1 5 11 5 11 0   
2003 10 0 4 1 0 0 0 0 0 0 6 1 0 0 0 0 23 0 0 0 10 0 7 2 3 0 17 0 0 9 1 5 
2003 11 15 5 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 4 9 1 1 0 0 0 0 0 0   
2003 12 1 0 0 2 1 0 0 0 0 0 0 0 2 0 0 0 0 0 10 0 7 10 10 0 0 0 0 0 0 0 0 
2004 1 0 0 0 0 10 0 1 8 1 0 0 0 0 0 0 0 0 5 1 0 0 0 0 0 0 0 0 12 11 1 87 
2004 2 3 0 0 0 0 0 0 0 0 0 15 11 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 2    
2004 3 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 4 0 
2004 4 0 0 0 0 1 0 2 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 48 18 0 0 0 0 3   
2004 5 4 3 3 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 2 0 0 0 0 1 13 3 2 0 0 0 0 
2004 6 0 0 0 1 0 0 0 0 0 7 0 0 0 0 3 3 4 3 1 2 1 0 0 0 0 0 0 0 0 0   
2004 7 6 0 0 0 0 1 2 0 0 0 0 3 0 0 0 0 0 3 0 0 0 0 0 3 1 0 2 0 8 0 0 
2004 8 0 2 7 1 0 0 0 0 1 0 1 0 0 1 11 0 0 0 0 0 0 4 0 0 0 0 1 0 0 3 8 
Table E1: Sale Rainfall Calendar
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E10 Sale Rainfall Data 
Sale Rainfall Summary data 
 
Date Start Time End Time Duration 
Event Total 
(mm) ARI 
Daily 
Total 
(mm) 
6/11/2001 18:56:25 19:15:16 0.47 12.524 5 37.37 
26/03/2002 11:02:54 19:15:27 0.66 28.684 5 86.052 
31/01/2004 06:42:12 07:15:17 0.91 32.118 5 86.658 
24/04/2004 4:43:30 5:13:38 0.50 18.786 5 48.076 
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E11 Sale DWF Calculations 
E11.1 S79 Dry Weather Flow Data 
E11.1.1 Time Series 1 
 
Test   Polynomial regression       
            
Fit   Time (s)  v  DWF (L/s)       
            
            
n  258 
  
   
R2  0.38     
Adjusted R2  0.37     
SE  0.3729     
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  0.9372 0.1931 <0.0001 0.4359 to 1.4385 
Time (s)  -0.0003 0.0001 <0.0001 -0.0005 to -0.0002 
Time (s)^2  0.0000 0.0000 <0.0001 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 <0.0001 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 <0.0001 - to - 
Time (s)^5  0.0000 0.0000 <0.0001 - to - 
Time (s)^6  0.0000 0.0000 <0.0001 - to - 
      
Source of variation  SSq DF MSq F p 
Due to regression  21.407 6 3.568 25.66 <0.0001 
About regression  34.904 251 0.139   
Total  56.311 257    
 
 360 
y = 9E-28x6 - 3E-22x5 + 3E-17x4 - 2E-12x3 + 4E-08x2 - 
0.0003x + 0.9372
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E11.1.2 Time Series 2 
 
Test   Polynomial regression       
            
Fit   Time (s)  v  DWF (L/s)       
            
            
n  112 
  
   
      
R2  0.40     
Adjusted R2  0.37     
SE  0.3908     
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  1.8003 0.5103 0.0006 0.4615 to 3.1390 
Time (s)  -0.0005 0.0001 0.0005 -0.0009 to -0.0001 
Time (s)^2  0.0000 0.0000 0.0003 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 0.0008 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 0.0038 - to - 
Time (s)^5  0.0000 0.0000 0.0165 - to - 
Time (s)^6  0.0000 0.0000 0.0570 - to - 
Source of variation  SSq DF MSq F p 
Due to regression  10.759 6 1.793 11.74 <0.0001 
About regression  16.038 105 0.153   
Total  26.797 111    
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y = 7E-28x6 - 2E-22x5 + 3E-17x4 - 2E-12x3 + 5E-08x2 - 
0.0005x + 1.8003
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E11.1.3 Time Series 3 
Test 
 Polynomial regression    
       
Fit  Time (s)  v  DWF (L/s)    
      
      
n 71      
      
R2  0.54     
Adjusted R2  0.50     
SE 0.3225     
Term Coefficient SE p 99% CI of Coefficient 
Intercept  0.7259 0.3478 0.0408 -0.1973 to 1.6492 
Time (s)  -0.0002 0.0001 0.0286 -0.0005 to 0.0000 
Time (s)^2  0.0000 0.0000 0.0318 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 0.1080 0.0000 to 0.0000 
Time (s)^4  0.0000 0.0000 0.3346 - to - 
Time (s)^5  0.0000 0.0000 0.7310 - to - 
Time (s)^6  0.0000 0.0000 0.8316 - to - 
Source of variation SSq DF MSq F p 
Due to regression 7.922 6 1.320 12.69 <0.0001 
About regression 6.658 64 0.104   
Total 14.581 70    
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y = -7E-29x6 - 3E-23x5 + 9E-18x4 - 7E-13x3 + 2E-08x2 - 
0.0002x + 0.7259
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E11.1.4 Time Series 4 
Test   Polynomial regression       
            
Fit   Time (s)  v  DWF (L/s)       
            
            
n  53 
  
   
      
R2  0.30     
Adjusted R2  0.21     
SE  0.4189     
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  0.7330 0.4823 0.1355 -0.5631 to 2.0290 
Time (s)  -0.0003 0.0002 0.0857 -0.0007 to 0.0001 
Time (s)^2  0.0000 0.0000 0.0631 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 0.0966 0.0000 to 0.0000 
Time (s)^4  0.0000 0.0000 0.1639 - to - 
Time (s)^5  0.0000 0.0000 0.2626 - to - 
Time (s)^6  0.0000 0.0000 0.3839 - to - 
Source of variation  SSq DF MSq F p 
Due to regression  3.464 6 0.577 3.29 0.0089 
About regression  8.071 46 0.175   
Total  11.535 52    
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y = 6E-28x6 - 2E-22x5 + 2E-17x4 - 1E-12x3 + 3E-08x2 - 
0.0003x + 0.733
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E11.2 S72 Dry Weather Data 
E11.2.1 Time series 1 
n  439 
  
   
      
R2  0.45     
Adjusted R2  0.44     
SE  0.7894     
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  2.9672 0.5066 <0.0001 1.6565 to 4.2779 
Time (s)  -0.0009 0.0001 <0.0001 -0.0013 to -0.0005 
Time (s)^2  0.0000 0.0000 <0.0001 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 <0.0001 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 <0.0001 - to - 
Time (s)^5  0.0000 0.0000 0.0019 - to - 
Time (s)^6  0.0000 0.0000 0.0532 - to - 
Source of variation  SSq DF MSq F p 
Due to regression  218.581 6 36.430 58.46 <0.0001 
About regression  269.211 432 0.623   
Total  487.792 438    
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y = 8E-28x6 - 3E-22x5 + 5E-17x4 - 3E-12x3 + 8E-08x2 - 
0.0009x + 2.9672
-3
-2
-1
0
1
2
3
4
5
6
0 20000 40000 60000 80000
Time (s)
D
W
F 
(L/
s
)
-3
-2
-1
0
1
2
3
0 20000 40000 60000 80000
Time (s)
St
an
da
rd
iz
ed
 
re
si
du
al
s
 
0
50
10
0
15
0
 369 
E112.2 Time Series 2 
Test   Polynomial regression       
            
Fit   Time (s)  v  DWF (L/s)       
            
            
n  220 
  
   
      
R2  0.50     
Adjusted R2  0.49     
SE  0.7569     
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  3.0478 0.4958 <0.0001 1.7592 to 4.3364 
Time (s)  -0.0014 0.0002 <0.0001 -0.0019 to -0.0009 
Time (s)^2  0.0000 0.0000 <0.0001 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 <0.0001 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 <0.0001 - to - 
Time (s)^5  0.0000 0.0000 <0.0001 - to - 
Time (s)^6  0.0000 0.0000 <0.0001 - to - 
      
Source of variation  SSq DF MSq F p 
Due to regression  122.075 6 20.346 35.52 <0.0001 
About regression  122.013 213 0.573   
Total  244.089 219    
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y = 4E-27x6 - 1E-21x5 + 1E-16x4 - 6E-12x3 + 2E-07x2 - 
0.0014x + 3.0478
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E11.2.3 Time Series 3 
Test   Polynomial regression       
            
Fit   Time (s)  v  DWF (L/s)       
            
            
n  219 
  
   
      
R2  0.62     
Adjusted R2  0.61     
SE  0.6555     
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  3.9661 0.5094 <0.0001 2.6420 to 5.2903 
Time (s)  -0.0017 0.0002 <0.0001 -0.0022 to -0.0013 
Time (s)^2  0.0000 0.0000 <0.0001 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 <0.0001 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 <0.0001 - to - 
Time (s)^5  0.0000 0.0000 <0.0001 - to - 
Time (s)^6  0.0000 0.0000 <0.0001 - to - 
      
Source of variation  SSq DF MSq F p 
Due to regression  149.960 6 24.993 58.17 <0.0001 
About regression  91.094 212 0.430   
Total  241.054 218    
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y = 5E-27x6 - 1E-21x5 + 1E-16x4 - 8E-12x3 + 2E-07x2 - 
0.0017x + 3.9661
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E11.2.3 Time Series 4 
Test 
 Polynomial regression    
       
Fit  Time (s)  v  DWF (L/s)    
      
      
n 110      
R2  0.69     
Adjusted R2  0.67     
SE 0.6124     
Term Coefficient SE p 99% CI of Coefficient 
Intercept  6.6287 1.1409 <0.0001 3.6344 to 9.6229 
Time (s)  -0.0022 0.0004 <0.0001 -0.0031 to -0.0013 
Time (s)^2  0.0000 0.0000 <0.0001 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 <0.0001 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 <0.0001 - to - 
Time (s)^5  0.0000 0.0000 0.0001 - to - 
Time (s)^6  0.0000 0.0000 0.0025 - to - 
Source of variation SSq DF MSq F p 
Due to regression 86.588 6 14.431 38.48 <0.0001 
About regression 38.624 103 0.375   
Total 125.212 109    
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y = 3E-27x6 - 1E-21x5 + 1E-16x4 - 7E-12x3 + 2E-07x2 - 
0.0022x + 6.6287
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E11.2.5 S72 Time Series 5 
Test   Polynomial regression       
            
Fit   Time (s)  v  DWF (L/s)       
            
            
      
n  110 
  
   
      
R2  0.70     
Adjusted R2  0.68     
SE  0.6036     
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  6.5124 1.0680 <0.0001 3.7096 to 9.3152 
Time (s)  -0.0022 0.0003 <0.0001 -0.0031 to -0.0013 
Time (s)^2  0.0000 0.0000 <0.0001 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 <0.0001 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 <0.0001 - to - 
Time (s)^5  0.0000 0.0000 <0.0001 - to - 
Time (s)^6  0.0000 0.0000 0.0007 - to - 
      
Source of variation  SSq DF MSq F p 
Due to regression  87.539 6 14.590 40.05 <0.0001 
About regression  37.524 103 0.364   
Total  125.063 109    
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y = 3E-27x6 - 1E-21x5 + 1E-16x4 - 8E-12x3 + 2E-07x2 - 
0.0022x + 6.5124
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E11.2.6 Time Series 6 
Test   Polynomial regression       
            
Fit   Time (s)  v  DWF (L/s)       
            
            
      
n  110 
  
   
      
R2  0.65     
Adjusted R2  0.63     
SE  0.6547     
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  1.8398 0.4626 0.0001 0.6257 to 3.0539 
Time (s)  -0.0012 0.0002 <0.0001 -0.0017 to -0.0006 
Time (s)^2  0.0000 0.0000 <0.0001 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 <0.0001 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 <0.0001 - to - 
Time (s)^5  0.0000 0.0000 0.0002 - to - 
Time (s)^6  0.0000 0.0000 0.0035 - to - 
      
Source of variation  SSq DF MSq F p 
Due to regression  81.187 6 13.531 31.56 <0.0001 
About regression  44.155 103 0.429   
Total  125.342 109    
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y = 3E-27x6 - 9E-22x5 + 1E-16x4 - 6E-12x3 + 1E-07x2 - 
0.0012x + 1.8398
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E11.2.7 Time series 7 
Test   Polynomial regression       
            
Fit   Time (s)  v  DWF (L/s)       
            
            
n  110 
  
   
      
R2  0.65     
Adjusted R2  0.63     
SE  0.6550     
      
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  3.3550 0.7124 <0.0001 1.4854 to 5.2246 
Time (s)  -0.0015 0.0003 <0.0001 -0.0022 to -0.0008 
Time (s)^2  0.0000 0.0000 <0.0001 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 <0.0001 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 <0.0001 - to - 
Time (s)^5  0.0000 0.0000 0.0012 - to - 
Time (s)^6  0.0000 0.0000 0.0141 - to - 
      
Source of variation  SSq DF MSq F p 
Due to regression  81.255 6 13.543 31.56 <0.0001 
About regression  44.191 103 0.429   
Total  125.447 109    
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y = 2E-27x6 - 8E-22x5 + 1E-16x4 - 6E-12x3 + 1E-07x2 - 
0.0015x + 3.355
-4
-3
-2
-1
0
1
2
3
4
5
0 20000 40000 60000 80000
Time (s)
D
W
F 
(L/
s
)
-3
-2
-1
0
1
2
3
0 20000 40000 60000 80000
Time (s)
St
an
da
rd
iz
ed
 
re
si
du
al
s
 
0
10
20
30
 381 
 
E11 Sale DWF Calculations 
E11.1 S79 Dry Weather Flow Data 
E11.1.1 Time Series 1 
Test   Polynomial regression       
            
Fit   Time (s)  v  DWF (L/s)       
            
            
n  258 
  
   
      
R2  0.38     
Adjusted R2  0.37     
SE  0.3729     
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  0.9372 0.1931 <0.0001 0.4359 to 1.4385 
Time (s)  -0.0003 0.0001 <0.0001 -0.0005 to -0.0002 
Time (s)^2  0.0000 0.0000 <0.0001 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 <0.0001 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 <0.0001 - to - 
Time (s)^5  0.0000 0.0000 <0.0001 - to - 
Time (s)^6  0.0000 0.0000 <0.0001 - to - 
      
Source of variation  SSq DF MSq F p 
Due to regression  21.407 6 3.568 25.66 <0.0001 
About regression  34.904 251 0.139   
Total  56.311 257    
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y = 9E-28x6 - 3E-22x5 + 3E-17x4 - 2E-12x3 + 4E-08x2 - 
0.0003x + 0.9372
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E11.1.2 Time Series 2 
Test   Polynomial regression       
            
Fit   Time (s)  v  DWF (L/s)       
            
            
      
n  112 
  
   
      
R2  0.40     
Adjusted R2  0.37     
SE  0.3908     
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  1.8003 0.5103 0.0006 0.4615 to 3.1390 
Time (s)  -0.0005 0.0001 0.0005 -0.0009 to -0.0001 
Time (s)^2  0.0000 0.0000 0.0003 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 0.0008 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 0.0038 - to - 
Time (s)^5  0.0000 0.0000 0.0165 - to - 
Time (s)^6  0.0000 0.0000 0.0570 - to - 
      
Source of variation  SSq DF MSq F p 
Due to regression  10.759 6 1.793 11.74 <0.0001 
About regression  16.038 105 0.153   
Total  26.797 111    
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y = 7E-28x6 - 2E-22x5 + 3E-17x4 - 2E-12x3 + 5E-08x2 - 
0.0005x + 1.8003
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E11.1.3 Time Series 3 
Test 
 Polynomial regression    
       
Fit  Time (s)  v  DWF (L/s)    
      
      
      
n 71      
      
R2  0.54     
Adjusted R2  0.50     
SE 0.3225     
Term Coefficient SE p 99% CI of Coefficient 
Intercept  0.7259 0.3478 0.0408 -0.1973 to 1.6492 
Time (s)  -0.0002 0.0001 0.0286 -0.0005 to 0.0000 
Time (s)^2  0.0000 0.0000 0.0318 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 0.1080 0.0000 to 0.0000 
Time (s)^4  0.0000 0.0000 0.3346 - to - 
Time (s)^5  0.0000 0.0000 0.7310 - to - 
Time (s)^6  0.0000 0.0000 0.8316 - to - 
      
Source of variation SSq DF MSq F p 
Due to regression 7.922 6 1.320 12.69 <0.0001 
About regression 6.658 64 0.104   
Total 14.581 70    
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y = -7E-29x6 - 3E-23x5 + 9E-18x4 - 7E-13x3 + 2E-08x2 - 
0.0002x + 0.7259
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E11.1.4 Time Series 4 
Test   Polynomial regression       
            
Fit   Time (s)  v  DWF (L/s)       
            
            
      
n  53 
  
   
      
R2  0.30     
Adjusted R2  0.21     
SE  0.4189     
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  0.7330 0.4823 0.1355 -0.5631 to 2.0290 
Time (s)  -0.0003 0.0002 0.0857 -0.0007 to 0.0001 
Time (s)^2  0.0000 0.0000 0.0631 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 0.0966 0.0000 to 0.0000 
Time (s)^4  0.0000 0.0000 0.1639 - to - 
Time (s)^5  0.0000 0.0000 0.2626 - to - 
Time (s)^6  0.0000 0.0000 0.3839 - to - 
      
Source of variation  SSq DF MSq F p 
Due to regression  3.464 6 0.577 3.29 0.0089 
About regression  8.071 46 0.175   
Total  11.535 52    
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y = 6E-28x6 - 2E-22x5 + 2E-17x4 - 1E-12x3 + 3E-08x2 - 
0.0003x + 0.733
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E11.2 S72 Dry Weather Data 
E11.2.1 Time series 1 
Test   Polynomial regression       
            
Fit   Time (s)  v  DWF (L/s)       
            
            
n  439 
  
   
      
R2  0.45     
Adjusted R2  0.44     
SE  0.7894     
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  2.9672 0.5066 <0.0001 1.6565 to 4.2779 
Time (s)  -0.0009 0.0001 <0.0001 -0.0013 to -0.0005 
Time (s)^2  0.0000 0.0000 <0.0001 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 <0.0001 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 <0.0001 - to - 
Time (s)^5  0.0000 0.0000 0.0019 - to - 
Time (s)^6  0.0000 0.0000 0.0532 - to - 
      
Source of variation  SSq DF MSq F p 
Due to regression  218.581 6 36.430 58.46 <0.0001 
About regression  269.211 432 0.623   
Total  487.792 438    
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y = 8E-28x6 - 3E-22x5 + 5E-17x4 - 3E-12x3 + 8E-08x2 - 
0.0009x + 2.9672
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E112.2 Time Series 2 
Test   Polynomial regression       
            
Fit   Time (s)  v  DWF (L/s)       
            
            
n  220 
  
   
      
R2  0.50     
Adjusted R2  0.49     
SE  0.7569     
      
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  3.0478 0.4958 <0.0001 1.7592 to 4.3364 
Time (s)  -0.0014 0.0002 <0.0001 -0.0019 to -0.0009 
Time (s)^2  0.0000 0.0000 <0.0001 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 <0.0001 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 <0.0001 - to - 
Time (s)^5  0.0000 0.0000 <0.0001 - to - 
Time (s)^6  0.0000 0.0000 <0.0001 - to - 
      
Source of variation  SSq DF MSq F p 
Due to regression  122.075 6 20.346 35.52 <0.0001 
About regression  122.013 213 0.573   
Total  244.089 219    
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y = 4E-27x6 - 1E-21x5 + 1E-16x4 - 6E-12x3 + 2E-07x2 - 
0.0014x + 3.0478
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E11.2.3 Time Series 3 
Test   Polynomial regression       
            
Fit   Time (s)  v  DWF (L/s)       
            
            
      
n  219 
  
   
      
R2  0.62     
Adjusted R2  0.61     
SE  0.6555     
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  3.9661 0.5094 <0.0001 2.6420 to 5.2903 
Time (s)  -0.0017 0.0002 <0.0001 -0.0022 to -0.0013 
Time (s)^2  0.0000 0.0000 <0.0001 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 <0.0001 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 <0.0001 - to - 
Time (s)^5  0.0000 0.0000 <0.0001 - to - 
Time (s)^6  0.0000 0.0000 <0.0001 - to - 
      
Source of variation  SSq DF MSq F p 
Due to regression  149.960 6 24.993 58.17 <0.0001 
About regression  91.094 212 0.430   
Total  241.054 218    
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y = 5E-27x6 - 1E-21x5 + 1E-16x4 - 8E-12x3 + 2E-07x2 - 
0.0017x + 3.9661
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E11.2.3 Time Series 4 
Test 
 Polynomial regression    
       
Fit  Time (s)  v  DWF (L/s)    
      
      
n 110      
      
R2  0.69     
Adjusted R2  0.67     
SE 0.6124     
Term Coefficient SE p 99% CI of Coefficient 
Intercept  6.6287 1.1409 <0.0001 3.6344 to 9.6229 
Time (s)  -0.0022 0.0004 <0.0001 -0.0031 to -0.0013 
Time (s)^2  0.0000 0.0000 <0.0001 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 <0.0001 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 <0.0001 - to - 
Time (s)^5  0.0000 0.0000 0.0001 - to - 
Time (s)^6  0.0000 0.0000 0.0025 - to - 
      
Source of variation SSq DF MSq F p 
Due to regression 86.588 6 14.431 38.48 <0.0001 
About regression 38.624 103 0.375   
Total 125.212 109    
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y = 3E-27x6 - 1E-21x5 + 1E-16x4 - 7E-12x3 + 2E-07x2 - 
0.0022x + 6.6287
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E11.2.5 S72 Time Series 5 
Test   Polynomial regression       
            
Fit   Time (s)  v  DWF (L/s)       
            
            
n  110 
  
   
      
R2  0.70     
Adjusted R2  0.68     
SE  0.6036     
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  6.5124 1.0680 <0.0001 3.7096 to 9.3152 
Time (s)  -0.0022 0.0003 <0.0001 -0.0031 to -0.0013 
Time (s)^2  0.0000 0.0000 <0.0001 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 <0.0001 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 <0.0001 - to - 
Time (s)^5  0.0000 0.0000 <0.0001 - to - 
Time (s)^6  0.0000 0.0000 0.0007 - to - 
      
Source of variation  SSq DF MSq F p 
Due to regression  87.539 6 14.590 40.05 <0.0001 
About regression  37.524 103 0.364   
Total  125.063 109    
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y = 3E-27x6 - 1E-21x5 + 1E-16x4 - 8E-12x3 + 2E-07x2 - 
0.0022x + 6.5124
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E11.2.6 Time Series 6 
Test   Polynomial regression       
            
Fit   Time (s)  v  DWF (L/s)       
            
            
n  110 
  
   
      
R2  0.65     
Adjusted R2  0.63     
SE  0.6547     
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  1.8398 0.4626 0.0001 0.6257 to 3.0539 
Time (s)  -0.0012 0.0002 <0.0001 -0.0017 to -0.0006 
Time (s)^2  0.0000 0.0000 <0.0001 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 <0.0001 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 <0.0001 - to - 
Time (s)^5  0.0000 0.0000 0.0002 - to - 
Time (s)^6  0.0000 0.0000 0.0035 - to - 
      
Source of variation  SSq DF MSq F p 
Due to regression  81.187 6 13.531 31.56 <0.0001 
About regression  44.155 103 0.429   
Total  125.342 109    
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y = 3E-27x6 - 9E-22x5 + 1E-16x4 - 6E-12x3 + 1E-07x2 - 
0.0012x + 1.8398
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E11.2.7 Time series 7 
Test   Polynomial regression       
            
Fit   Time (s)  v  DWF (L/s)       
            
            
n  110 
  
   
      
R2  0.65     
Adjusted R2  0.63     
SE  0.6550     
Term  Coefficient SE p 99% CI of Coefficient 
Intercept  3.3550 0.7124 <0.0001 1.4854 to 5.2246 
Time (s)  -0.0015 0.0003 <0.0001 -0.0022 to -0.0008 
Time (s)^2  0.0000 0.0000 <0.0001 0.0000 to 0.0000 
Time (s)^3  0.0000 0.0000 <0.0001 0.0000 to -0.0000 
Time (s)^4  0.0000 0.0000 <0.0001 - to - 
Time (s)^5  0.0000 0.0000 0.0012 - to - 
Time (s)^6  0.0000 0.0000 0.0141 - to - 
      
Source of variation  SSq DF MSq F p 
Due to regression  81.255 6 13.543 31.56 <0.0001 
About regression  44.191 103 0.429   
Total  125.447 109    
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y = 2E-27x6 - 8E-22x5 + 1E-16x4 - 6E-12x3 + 1E-07x2 - 
0.0015x + 3.355
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E12 Sale Catchment – Area – Planning Zone Data Cache 
E12.1 S72 
Sub Catchment Planning Zone Area (m2) 
S72 R1Z 17986.46 
Table E13.1 Summary of S72 catchment 
 404 
 
E12.2 S79 Catchment 
Sub catchment Planning Zone Area (m2) 
S79 R1Z 35300.47 
Table E13.3: Summary of S79 Catchment 
 405 
 
E13 Sale Catchment – Planning Zone – Pipe Material – Pipe 
Diameter – Installation Date Data Cache 
E13.1 S72 
Sub 
catchment 
 
Diameter 
(mm) Material 
Planning 
Zone 
Date 
Installed 
Length 
(m) 
S72 100 AC PPRZ 01-Jan-60 114.41 
S72 100 AC RDZ2 01-Jan-60 365.56 
S72 100 PVC RDZ2 01-Jan-91 265.63 
S72 150 PVC R1Z 20-Oct-96 653.02 
S72 150 PVC R1Z 01-Jan-91 1431.09 
S72 150 PVC R1Z 01-Jan-91 13.93 
S72 150 PVC R1Z 20-Oct-96 72.00 
S72 150 PVC R1Z 01-Jan-91 9.28 
S72 150 PVC R1Z 01-Jan-91 5.15 
S72 150 PVC R1Z 01-Jan-91 13.89 
S72 150 PVC R1Z 01-Jun-03 76.28 
S72 150 PVC R1Z 01-Jan-91 141.31 
S72 300 PE RUZ 01-Jun-82 23.32 
S72 450 AC PUZ1 01-Jun-74 5577.06 
S72 600 MSCL RUZ 01-Jun-82 3902.65 
S72 1000 RC PCRZ 22-Jun-88 1869.88 
S72 1000 RC PUZ1 15-Aug-77 1769.61 
S72 1000 RC PUZ1 22-Jun-88 383.53 
S72 1000 RC PUZ1 20-Oct-78 364.18 
S72 1000 RC RDZ1 20-Oct-78 547.05 
S72 1000 RC RDZ1 25-Oct-78 54.11 
S72 1000 RC RDZ1 20-Oct-78 218.97 
S72 1000 RC RLZ1 25-Oct-78 751.67 
S72 1000 RC RUZ 20-Oct-78 49.40 
S72 1000 RC RUZ 20-Oct-78 122.43 
S72 1000 RC RUZ 22-Jun-88 381.28 
S72 1000 RC RUZ 20-Oct-78 1687.39 
S72 1000 RC RUZ 20-Oct-78 229.52 
Table E14.1:  Infrastructure summary for S72 catchment 
 406 
E13.2 S79 
Sub 
Cathmnent 
Diameter 
(mm) Material 
Planning 
Zone 
Date 
Installed 
Length 
(m) 
S79 75 RC RDZ1 01-Jan-60 232.56 
S79 150 PVC R1Z 
01-Mar-
03 114.30 
S79 150 PVC RDZ1 20-Apr-89 7.63 
S79 150 PVC RDZ1 20-Apr-89 53.72 
S79 150 RC R1Z 01-Jan-60 20.34 
S79 150 VC R1Z 01-Jan-60 460.55 
Table E14.2: Infrastructure summary fro S79 catchment 
 
